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Preface

Abstract

In this thesis the implementation of Field Oriented Control in the car of the NUON Solar Team will be
discussed. The team decided to do research into the possibilities of a custom motor controller, and this
thesis covers the beginning of that process. First a comparison between different control methods is
made, and sensorless FOC is decided as the method to be used. Then the implementation of FOC is
discussed. The Texas Instruments InstaSPIN™ technology has the preference for this implementation.
This because it has all the elements of the control embedded in one microcontroller, along with a
software estimator which eliminates the use of expensive sensors like a shaft encoder. Also the ease of
use and the familiarity of TU Delft staff with this technology played a big part in this decision. With this
technology, a simulation set-up was made as a proof of concept, which can also be used to teach the
NUON Solar Team members the basics of motor control. After that the connections from the controller
to the inverter are discussed, so it can be connected to other inverters in the future. In the controller, a
CAN-interface is also implemented, which is essential for using it in the Nuna car. With the information
presented in this thesis, the NUON Solar Team can continue the development of a controller. It is
recommended to eventually leave the development kits used during this project, and integrate the
MCU directly into an inverter. This will allow for well-tuned, efficient control of the motor with a small
footprint.
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Introduction

In electric vehicle (EV) applications, the motor and its control can have a huge impact on the efficiency
of the entire system. If there are too many losses, a lot of different problems can occur. The motor
might overheat, the car might not be able to climb a hill, and the range of one battery charge might be
significantly reduced. This means a good motor/controller combination is essential to ensure the best
performance of any electric vehicle.

There is a specific class of EV's where efficiency is more important than in any other category:
solar cars. The Nuon Solar Team from the Delft University of Technology has been competing in the
Bridgestone World Solar Challenge in Australia for quite a few years, and in 2017 they became World
Champion for the seventh time in the challenger class. To keep this title safe, they are always looking
for new ways to improve their car: Nuna. Since 2014 they are also competing in the Sasol Solar
Challenge in South Africa, and that brings a new set of challenges to the table as the conditions of the
race are quite different.

As a part of the Bachelor Graduation project a group of students got an assignment from the
Nuon Solar Team to research the possibility of a custom motor controller for the Nuna solar car. At the
moment the motor/controller combinations used in the different Nuna vehicles are not quite as efficient
as the team would like. In the next section an overview of the current problems is given.

1.1. The problem

A few years ago the Nuon Solar Team switched to a different motor for their car. The motor previously
used was an axial flux permanent magnet synchronous motor (PMSM) manufactured by Marand. Right
now they are using a radial flux brushless DC (BLDC) motor manufactured by Mitsuba. The controller
previously used is the Tritium WaveSculptor22, and the Mitsuba motor comes with its own controller,
the Mitsuba M1596C.

The Mitsuba motor works with both of these controllers. Both of the combinations are not optimal
however. The Mitsuba motor controller is less efficient than the Tritium controller. Also this controller
has analogue parameter control, which means it cannot interface with Nuna’s Control Area Network
(CAN) in a native way. Right now they have an extra converter in the car to convert the CAN signals
to analogue signals and vice versa, which is far from optimal. The Tritium controller thus has an
advantage over the Mitsuba controller in both efficiency and controllablity. However, that does not
mean it's perfect. The Tritium controller switches to a different control method at a speed of around
25 km/h. This switching does not work well with the motor, so the car has to slow down again to
allow this switching. This scenario is far from ideal, because at 25 km/h the car is almost always still
accelerating. Also the Tritium controller is not capable of providing enough power to drive uphill, which
is essential for the race in South Africa.

Both of the controllers are off-the-shelf products, which means they are essentially black box sys-
tems to the Nuon Solar Team. They only have a rough idea of how the controllers work, and are not
able to modify them in a safe or efficient way.
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1.2. The current solution
Currently the team uses different controllers for the races in Australia and South Africa.

« For the race in Australia they use the Tritium controller, as this has a higher efficiency than the
Mitsuba controller. The fact that it cannot deliver as much power to the motor is not an issue
here, because the race doesn't go through any mountainous areas. The issue with the switching
during acceleration still remains however.

 For the race in South Africa the Mitsuba controller is used. This controller is needed because
the Tritium controller cannot deliver enough power for the mountainous regions in South Africa.
However, due to the lower efficiency, they are not able to drive according to their calculated
energy consumption model. Especially uphill, the cruising speed is lower than the ideal speed
because the motor might overheat otherwise.

1.3. The assignment

It is clear both of these controllers cannot deliver all the specifications needed for Nuna. That is why
in this bachelor graduation project research is done on a better motor/controller combination than the
ones currently existing. To build a complete controller would be far too much to ask from four students
in a 10 week project, and that is why a focus is placed on a few subsystems. Two students made a
simulation of the Marand and Mitsuba motors, to get the motors’ specifications. The values gotten from
these simulations are to be used as input for the controller. This thesis covers research into different
control methods and an implementation of one of these methods. This means the inverter and motor
are not considered in this thesis apart from some compatibility requirements. For the research about
the motors in Nuna see [1]. The requirements for the control are as follows:

 Efficiency The whole system must be as efficient as possible.

 Digital Interface The controller must be able to interface with the CAN-bus in Nuna.
¢ Monitoring The voltages, currents, temperature and speed must be measured.

¢ Flexibility The controller must be able to handle different motor sizes, pole pairs etc.

« User Interface There has to be an interface where the configuration of the MC can be changed.
For example the limits of the controller and error flags should be programmable.

o Extra The controller must be able to control both BLDC motors and PMSMs [1].

1.4. Deliverables

The requirements set in the previous section need to be translated into specific deliverables, so it is clear
what the Nuon Solar Team can expect. This is also important for the project as it gives the students
focus on what to work on. The following deliverables have been deducted from the requirements:

¢ A comprehensive study of control methods for BLDC motors and PMSMs has to be made. Here a
comparison will be made to determine what control method can best be used for the Nuna car.

o After determining the best control method, a possible implementation solution needs to be found
to make sure the chosen control method can be used practically.

¢ A small simulation set-up for testing and adjusting the control has to be made. This simulation
can also be used to give the people in the Nuon Solar Team some basic motor control knowledge
quickly.

* An extensive manual on how to make the simulation set-up is needed. This is paramount for a
quick installation and will allow future contributors to this research to get started right away.

e A recommendation must also be given on how to implement the found solution.



Comparison of control methods

2.1. Introduction

First of all, the control method to be used by Nuna needs to be determined. Chapter 1 points out the
control needs to be able to handle both BLDC machines and PMSMs. This chapter will compare different
controlling techniques and make a decision on what technique should be used. For an introduction to
motor types and how they work, see chapter 2 in [1].

Sensored motor control works with either Hall Effect sensors in the motor (BLDC control), or a
rotary encoder placed on the shaft (PMSM control). Sensors and their wiring can, however, become
quite expensive. Leaving the sensors out allows for a simpler construction and less wires from the
motor. During recent years sensorless techniques have been developed thus far that efficiency is not
an issue. This means that a sensorless technique is preferred, as it makes the construction simpler
and cheaper. It will increase the complexity of the control algorithm, but due to the abundance of
high quality microprocessors that is not a problem. Different sensorless techniques are available, and
they all have their own advantages and disadvantages. A comparison is made between four popular
methods.
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(a) Hall Effect sensors in a motor ([2] Fig. 1). (b) This motor has an encoder built in.

Figure 2.1: Sensored motor control techniques use Hall Effect sensors or encoders.

2.2. Sensorless control methods

Direct back-EMF

Direct back-EMF control is fairly simple compared to other sensorless techniques [3]. This works by
detecting when the back-electromotive force of a phase crosses zero. Then after a set wait time the
control switches to the next power stage [4]. It does, however, have a few drawbacks. It is sensitive
to noise when detecting the zero crossing, and at low speeds, the low back-EMF will make it difficult
to determine the actual zero crossing.
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Figure 2.2: The phase back-EMFs and the switching behaviour with direct back-EMF control ([3] Fig. 3-2).

Indirect back-EMF

The problems that occur with direct back-EMF control can be partially solved by using indirect back-EMF
control. Here the back-EMF is integrated about the zero crossing until a certain threshold is reached.
This reduces the noise sensitivity. However, both back-EMF methods don't work optimal at low speeds

because there is a low back-EMF from the motor [5].

High Speed

Mid Speed

low Speed

P

Figure 2.3: The integration of the back-EMF with indirect back-EMF control ([3] Fig. 3-4)

Direct Torque Control

Direct Torque Control (DTC) works with torque and flux reference vectors. Using a model estimation of
the motor, the torque and flux in the motor are calculated with measurements of two phase currents,
the intermediate circuit DC voltage and the state of the power switches [6]. Then the calculated torque
and flux are compared to the reference and control is applied accordingly. DTC has quite large torque
ripple [7]. This strains the construction of the car and often introduces audible noise.

v
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—> @ FLC @ " Controller

o $ TLL
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Torque _ la
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1

Encoder
Iz-l |l ( )l

Figure 2.4: The block diagram of DTC. w can also be estimated, so no encoder is needed ([8] Fig. 2).
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Field Oriented Control

Field Oriented Control (FOC) is, like DTC, also vector-based. It transforms the torque and flux vectors
so they are orthogonal to each other, and compares them to reference vectors. A more in-depth
explanation of FOC will be given in chapter 3. While FOC is a little slower than DTC, it performs better
on areas like torque-ripple and distortion [9]. However, FOC needs to know the position of the rotor,
and so extra processing power is needed. This is not a big issue though, as microprocessors are fast,
efficient and cheap.

'a Id Yy Mo

Eeslred Tarqua HJ _I—} Pl Regulator
Current \ Inverge SV MOSFET
Bark = Bridges
Iq

Desired Flux
Current iy -

Y

Pl Regulator | vy L Vg

Park | ig | Clarke

— .

a
=

Capture .
Sensor  Motor

Figure 2.5: A basic implementation of Field Oriented Control with an encoder. The angle can also be estimated, removing the
need for an encoder ([10]).

2.3. Results

In table 2.1, some of the main differences of the control methods have been summarized. There are
several points of interest, some of which are more important than others.

Table 2.1: Comparison of different sensorless control methods

Direct B-EMF Indirect B-EMF DTC FOC

Computational simplicity ++ + - _-
Reaction time - - ++ +
Efficiency at high speed + + + +
Torque control at zero/low speed -- -- - +
Torque ripple - - - ++

Looking back at the assignment presented in chapter 1, it is clear that torque control at zero/low
speed is important. This will allow the Nuna vehicle to accelerate better when pulling away from a
traffic light or to overtake other traffic more easily. From the comparison it became clear that FOC
was the way to go. The separate torque control will allow the team to tune their car on the fly for
different conditions. Also the torque ripple is very low (zero even when using a PMSM). This will strain
the construction of the car less, and will provide a more comfortable ride for the driver.

2.4. FAST™ software encoder

Texas Instruments sells a unique solution for FOC, which implements the FAST™ software encoder.
This technique is provided exclusively by Texas Instruments, and provides a more accurate control
then any other solutions from other manufacturers. FAST™ is not a physical encoder, but rather an
estimation algorithm implemented in the ROM of a microcontroller. Using the measured phase currents
and voltages it estimates the flux, angle, speed and torque in the motor. Also it can identify some
motor parameters like the inductances and stator resistance just by running a certain script. The stator
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resistance can even be recalculated while the motor is running. This allows the FOC to be constantly
tuned to the motor parameters, which keeps the control as accurate as possible.

2.5. Implementation

For implementation of FOC Texas Instruments InstaSPIN™ technology will be used. Texas Instruments
have different development boards and shields available for this technology. The technology works with
the FAST™ software encoder, which makes it very accurate. The basics of the control have already
been programmed, and with some minor adjustments it will work with different kinds of motor. This
means if the Nuon Solar team decides to switch motors, they will just need to adjust a few values. The
supervisor of this project, as well as other staff of the TU have used InstaSPIN™ technology before,
so technical support can be found just down the hall. The FAST™ algorithm, the familiarity of TU Delft
staff and the ease of use were the reasons this specific technology was chosen for the project. More
decisions regarding the controller board are discussed in chapter 4.



Field Oriented Control

3.1. Introduction

Field oriented control (FOC) applies to brushless motors, not only AC but also DC, that operate in a
sinusoidal mode. This means that all three wires are energized with currents that have a sinusoidal
waveform. Each of the waveforms are 120 degrees apart from each other [10]. However in sinusoidal
commutation, PI controllers have a limited bandwidth to keep a system stable. In motor control at
higher speeds the time variant variables speed and frequency go up. This will result in a phase lag in
the control loop and a gain error in the motor currents [11]. A visual implementation of field oriented
control with an encoder is shown in fig. 2.5. Field oriented control uses the three phases of the inverter
current output to change these into 2 parts: a torque generating current and a magnetic field generating
current. These currents are time-invariant due to the transformations explained in section 3.2. After
that the input user currents are calculated from the torque and speed in section 3.3. And finally the
desired user currents are controlled using two PI controllers explained in section 3.4.

3.2. Coordinate System

A 3-phase synchronous machine is mostly represented in a two dimensional coordinate system with
three axes, all 120 degrees apart from each other. Therefore none of the axes are orthogonal to
each other. Field Oriented Control uses a rotating reference frame to control the components of the
motor stator currents aligned with the rotor flux. By changing it to a rotating frame the currents,
which are controlled, are time-invariant. Therefore the PI controllers work equally well at low and
high speeds [11]. To change the 3-phase reference frame into a rotating reference frame there are
two transformations needed: first the Clarke transformation to change from 3 phases into an two
dimensional coordinate system with two orthogonal axes and secondly the Park transformation to
make it rotational. See fig. 3.1 for a visual representation of the coordinate systems.

5 g
I, F >/
Id
I\
- [Emetony e SV
|c él'\ {\

3 axes, 120 degrees apart ‘ ‘ 2 orthogonal axes ‘ ‘2 rotational, orthogonal axes‘

Figure 3.1: A visual representation of The Clarke and Park transformations
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Clarke Transformation
The Clarke transform is expressed in mathematical form using the following equations[12]:

. 2. 1 .
lg = §la - g(lb - lc) (31)
2
ip= ﬁ(ib —ic) (3.2)
or in matrix form:

. 1 11|ia
Iy 211 -5 31l
==z i 3.3
LB] 3 [0 3 -3 l.b (3:3)

with i, and iz the components in the orthogonal coordinate system.
In the case that i, is superposed with i, and i, + i, + i, equals zero, the Clarke transformation is
expressed like:

g =ig 3.4

. 1 .
ig= E(La + 2ip) (3.5)
ig+ip+i.=0 (3.6)

Park Transformation

To create a rotating reference frame for the Park transformation, the geometrical functions sine and
cosine are needed. The direct and quadrature component in the Park transformation are represented
by the following equations [12]:

g =1igcos6 +igsind (3.7)
iqg =igcosf —i,sinf (3.8)
or in matrix form:
ig cos@ sinf||i,
a _ | cos , (3.9)
iq —sin@ cosf][ig

where iy is the direct component, i, is the quadrature component and 6 is the angle between the
positive x-axis and the i, current vector. The direct component is used to control the flux input of the
motor and the quadrature component is used to control the torque input of the motor.

Inverse Park Transformation
To get back from a rotating reference coordinate system to a non-rotating frame, the inverse park
transformation is needed. The transformation is given in the following mathematical equations [12]:

Vg = Vq c0S O — v, sin 6 (3.10)

Vg = vy Sin6 + v, cos (3.11)

Where v, and v, are the direct, and respectively quadrature, voltage as the output of the two PI
controllers. And v, and vg are the orthogonal components of the three phase voltage system. These
values are then used in the space vector modulation to drive the inverter.

3.3. Current control

The iy er and ig,.r Or commanded torque and flux current can be calculated in multiple ways: The
Q-axis current control or Maximum Torque per Amp (MTPA) control [13]. This depends on the state of
the motor. In normal operation or during acceleration Q-axis current control is to be used. However,
when driving above the rated speed field weakening is desired and MTPA control is preferred to be
used.
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Q-axis current control
First in the Q-axis current control, i, .. is set to zero. Therefore the flux can’t be controlled. However
the torque can be controlled using the following formula [13]:

P . .
T = Tlpmlq,ref - (Lq - Ld)ld,reflq,ref (3.12)

where T is the input torque, P is the total number of poles, i, is the magnitude of the complex rotor
flux vector, L, and L, are the motor inductances and i, and i, are the direct and quadrature reference
currents. As iy ,..r in Q-axis current control is zero and L, and L, are assumed equal, as the motors
used by the Nuon Solar Team are both surface PMSM [1]. The formula can be rewritten into:

3P
T = Tl/)ml'q‘ref (3.13)
4T
iQ-Tef = 31_)1!} (314)
m
This can be further simplified using:
4
K, = 3P (3.15)
Where K, is the electrical motor constant. Now the commanded torque current becomes:
T
iq,ref = K_ (316)

e

To calculate the torque commanded current from the demanded speed, a Speed PI regulator is needed.
This is shown in the block scheme of fig. 3.2. The gain factor K and time constant 7 are dependent on
the user case. Each motor needs different parameters as every motor is different.

J
g
.

Figure 3.2: A Block scheme of the Speed control loop with the outputs Iq and Id.

MTPA control

To push the DC motor beyond its rated speed, field weakening can be used. The mechanical power
is defined as torque times the speed. As the power is constant for rated speed, the speed cannot be
increased due to the increasing back-emf, which is speed dependent. i ,.r will start to grow negatively,
so the back-EMF is reduced. Now the electrical torque will reduce and the speed will increase. The
speed increases until the back-EMF increases again and therefore there cannot be any more current
drawn [14]. This is all done by using MTPA (Maximum Torque per Ampere) control. The following
equations are used for iy, and ig . [13]:

1

laref = m(wm - mez +8i5(§ — 1)2Lg?) (3.17)
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igrer = Vis? — ig? (3.18)

Where ¢ is the saliency ratio L, /L4 and i is the input current. Now the torque can be maximized using
the given magnitude of the current.

3.4. PI Control

After the MOSFET bridges the three currents are measured as shown in fig. 2.5. These currents are
changed into the flux current (i) and into the torque current (i;) using the Clarke and Park transfor-
mations, which are explained in section 3.2. After this the torque and flux currents are the input in two
different PI Regulators to control the motor. An example of the i, PI Regulator is shown in fig. 3.3.
In this PI controller the variables K and t need to be determined by the user. These variables are
different for every motor and depend on the motor parameters. The input of the i, PI controller is the
igrer Minus the estimated i,. In fig. 3.3 1/s is the Laplace transform of the integral. Furthermore the

s ) b
aref (4 N __qrefy,
|

4 1

Figure 3.3: A Block scheme of the Iq PI regulator in fig. 2.5

output v, ... is than transformed back to a non-rotating frame (using the inverse park transformation,
see section 3.2) to use it as an input for the SVPWM. The PI controller of i; looks the same, except
that the input is ig .. minus iy, the output is v, ..., and the variables K and t are different.



Controller Hardware

4.1. Controller choice

As discussed in chapter 2, the InstaSPIN™ technology by Texas Instruments is used for the controller.
There are several microcontrollers available with this technology already implemented in the ROM. This
will greatly simplify the development of the controller for the Nuna car. Thus, a decision has to be made
on which one of these MCUs will be used. On the Texas Instruments website, fig. 4.1 can be found
[15], in which a comparison of the specifications of the MCUs is laid out.

12b
InstaSPIN CLA Co- ADC
Solution Processor Chs UART | 12C Temp
Y 256

el -MOTION

ZEWEa| MOTION 256
Iz 100/
el oc o0 v v 1or2 256 or -~ 1 (2
12
£28068r [E=GlS - 256
-40to
28062 (SIS - 128 105°C
[ZEOINE -MOTION 128 -40to
125°C
280541 [EGle 128 Q100
60 - - 1or2 16 4 1 1 = 3 1 80
[ZEOEY) -MOTION 64
280520 [EGle 64
E28027F [EEelS 64
60 - - 1 13 1 48
£28026F [E=ole 32

Figure 4.1: "TI's InstaSPIN™-enabled real-time controllers”

In addition to fig. 4.1, there are only a few MCUs available on the LaunchPad™ development
platform. From the InstaSPIN™ enabled MCUs, only the F28027F and F28069M are available on a
ready-to-go development board. This means the choice only depends on one particular requirement:
CAN-interface capabilities. The F28069M is CAN compatible, and the F28027F is not. It is worth men-
tioning that fig. 4.1 shows the F28069M uses InstaSPIN-MOTION. This actually means it can use this
as well as InstaSPIN-FOC and there is no conflict in control method. InstaSPIN-MOTION adds extra
features that serve well in small household appliances [16], but are not needed for EV applications.
InstaSPIN-FOC is what will be used. In conclusion the LAUNCHXL-F28069M is the only board that fits
all of the requirements, so this will be used for the project.

Texas Instruments also have their own environment for programming MCUs, with a lot of different
functions. For this application, the two most important tools are the Code Composer Studio IDE and

13



14 4. Controller Hardware

MotorWare™, which is the software and documentation package for developing InstaSPIN™ applica-
tions.

4.2. Process

In order to program a controller for the Nuna motor, several steps have to be taken. A small set-up
with low-power BLDC motors will be built, which can be used to simulate races with actual data from
the Nuon Solar Team. This will be useful for the students to understand the motor behaviour, and
can be used by any future members of the Nuon Solar Team. In this way, work on the controller can
continue after the project is done.

4.2.1. Components

The Launchpad development board has already been decided on in section 4.1. The next choice that has
to be made is the inverter shield that will go on top of the LaunchPad. There are several BoosterPack™
shields available from Texas Instruments. For this project it is important to be able to connect the
inverter to both the small motors used in the simulation as well as the motors used in Nuna. In this
way the motor can be controlled up to a certain power. The final controller in Nuna will be connected to
a high-power inverter, but it will be good to show the Nuon Solar Team some control features without
the use of a high-power inverter. Of course the inverter board should still be able to deliver as much
power as possible. This is why the decision had been made to use the BOOSTXL-DRV8323RH shield.
This works up to 54V and with a continuous current of 15A [17].

Figure 4.2: The BOOSTXL-DRV8323RH inverter

In order to have a small simulation set-up, some small motors are also needed. The 2MTR-DYNO
evaluation module from Texas Instruments provides two low-power BLDC motors with a shaft coupler.
This is exactly what is needed for the set-up. One motor will be tested as the actual motor while the
other one acts as an active load. A schematic overview of the simulation set-up is given in fig. 4.3.
A 30V 10A power supply was used, because that was available in the lab space. The communication
between the PC’'s and the LaunchPads can be done either over USB or over CAN.

4.2.2. Development

After all the parts were ordered and had arrived, development could begin. However, there was a
problem with the Launchpad/BoosterPack combination. The BOOSTXL-DRV8323RH turned out to not
be directly compatible with the LAUNCHXL-F28069M. At first it seemed like a software problem, so
all kinds of different software packages from Texas Instruments were downloaded to try and make it
work. This did not work, and eventually an entry on the Texas Instruments E2E forum was found with
[18] attached. A lab technician from the TU helped to solder some SMD capacitors to the BoosterPack,
which were needed to make it work (see fig. 4.4). According to [18], only a few adjustments had to
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Figure 4.3: Schematic overview of the simulation set-up
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Figure 4.4: 0.1uF capacitors had to be soldered on C9, C10 and C11.

be made in Code Composer Studio to make the boards compatible. However, the hardware quick start
guide found is for the DRV8323RS, which uses a Serial Peripheral Interface (SPI) for communication
between the LaunchPad and the BoosterPack. The BoosterPacks ordered are DRV8323RH, which uses
a hardware interface. Help was sought on the Texas Instruments E2E forum, but the answers gotten
were too vague. To make the boards compatible several adjustments in the code had to be made
regarding pins and register usage. Since neither of the students had prior experience with Code
Composer Studio or any of the projects, this would be a near impossible task within the time scheduled
for this project. So it was decided to order different BoosterPacks, that would work right out of the
box with the LAUNCHXL-F28069M. This way CAN-capabilities can still be used. If the Nuon Solar Team
desires to use the DRV8323RH in the future, extra programming will be needed, but it can be used.
The BoosterPack that was chosen was the BOOSTXL-DRV8301. This works up to 24V and with a
continuous current of 10A. This is a significant drop in power compared to the DRV8323RH, but it can
still be used for the simulation and driving the Nuna motor at low power. Since this BoosterPack is only
used for the development and demos, it does not really matter how much power it delivers. In a later
stage of development the Nuon Solar Team will still have to switch to a different inverter, which then
will be controlled by the MCU that is used on the LAUNCHXL-F28069M. With the new BoosterPack, the
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development of the controller could finally begin.

To get familiar with Code Composer Studio and MotorWare™ the different tutorial labs available
were followed. After this was done, it was clear all the tools to develop a controller for Nuna are there,
and with some careful rearranging of code a proper controller could be developed from the labs. The
installation of the software and setting up the simulation environment can be found in appendix A.

The most complete overview of the control for Nuna is given in Texas Instruments proj lablla.
This is the lab that will be used for the motor controller the simulation set-up. The features of this lab
are explained in section 5.2. For the torque controller in the simulation set-up, lab 4 will be used. How
to use this lab will be briefly discussed in appendix A, and an in-depth explanation of this lab is given
in [14].

4.2.3. Further development

As pointed out in section 4.1 and section 4.2.1, the LAUNCHXL-F28069M and the BOOSTXL-DRV8301 will
only be used for the simulation, low-power demos & early prototyping on the Nuna motor. In a further
stage of controller development, it is recommended to leave the current prototyping environment. If
it is decided to design a custom inverter for Nuna, the LAUNCHXL is not the best solution, because it
has a lot of connections that are unnecessary. The LAUNCHXL-F28069M is a platform build around the
TMS320F28069M MCU for experimentation. When developing a custom solution for motor control this
MCU can be integrated with the inverter. This will of course require a custom PCB, which is a lot of work.
However, the best possible integration of the control can be guaranteed. A custom inverter will need
extra measurement circuits to interface with the MCU so custom PCBs are already needed. Customizing
the design will also allow for the controller/inverter combination to have the smallest footprint possible
and have all the connections in a convenient place.

4.3. Pinout LAUNCHXL-F28069M

For the LAUNCHXL-F28069M to be connected to a different inverter than the BOOSTXL-DRV8301, it is
needed to know where the different inputs and outputs are and what kind of signal type they use. To
connect the controller to an inverter, the pins should be connected to the inverter as in fig. 4.5. Where
these pins are located on the LAUNCHXL-F28069M is shown in fig. 4.6.

33V 0| ® PWM-AH o|® GND
®|®— GND PWM-AL ———e@ | ® SCS
Fault o @ DC-V-FB PWM-BH —eo | ®
OCTW L BN 4 V, FB PWM-BL ——@ | ®
| —— V. IB PWM-CH ———e@|®
®|®&— V.IB PWM-CL ———@ | ® SDI
SCLK ®o|0— | IB o0 SDO
®e|e— [,IB K S EN-GATE
|6 — [.IB [ AN & DC-CAL
[ AN ] [ AN ]
—— Power
—— GPIO
SPI
— ADC
— PWM

Figure 4.5: The pinout of the controller. Different signal types are represented by different colours.
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Figure 4.6: The location of the GPIO pins on the LAUNCHXL-F28069M.

Power signals

To power the controller, 3.3V is needed. The CAN-bus from Nuna works on 12V so a small buck-
converter is recommended for getting the power from the CAN-bus. The BOOSTXL-DRV8301 also
powers this pin through a buck-converter, but when using a larger inverter it is better to take the signal
from the CAN-bus, as this has a lower voltage and a small converter can be used.

GPIO signals

These signals are specified for the feedback of the BOOSTXL-DRV8301. They will probably need to be
redefined for use with a different inverter, as it presumably has a different communication standard.
The signals are, however, quite useful for the functionality of the control and inverter, so they will be
discussed here. This will give an idea of useful signals when setting up a different inverter with the
LAUNCHXL-F28069M.

Fault (IN)
On the fault pin, the controller can see if a shutdown event has occured in the inverter [19]. This can
happen due to events such as overcurrent, overtemperature, overvoltage or undervoltage.

OCTW (IN)
This pin lets the controller now when there has been an overcurrent or overtemperature event. De-
pending on the threshold and behaviour settings this may or may not lead to a shutdown event [19].

EN_GATE (OUT)

This pin is used to set the state of the gate driver, charge pump, current shunt amplifier, and internal
regulator blocks of the BOOSTXL-DRV8301 [19]. This means energy can be saved with a low signal.
It can also be used as a reset. With a short reset (< 10us) only the gate driver will be reset, and with
a long reset (> 20us) all the blocks will be reset to a known state.

DC_CAL (OUT)
The DC_CAL pin is used for calibration to keep the DC offset and drift overtemperature low [19]. This
signal will disconnect the load and short the input of the shunt resistor.
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SPI signals

The Serial Peripheral Interface specification is used to set-up the BOOSTXL-DRV8301 [19]. In the SPI
registers on the BOOSTXL-DRV8301 the thresholds and protection settings are stored. When using a
different inverter, the signals are only relevant if the inverter also uses SPI for these settings.

ADC signals (IN)

Voltage measurement

Voltage feedback is needed for the FAST estimator to function properly. It takes a direct measurement
from the motor phases, so some hardware settings for the voltage feedback need to be set [16]. The
DRV-8301 also measures the voltage on the DC bus. The ADC input can only handle a maximum input
of 3.3V, so some kind of circuit is needed to keep the input in that range. Figure 4.7 shows a voltage

Va
°
Three Phase o Vb [ o
Inverter Ve \
PS

95.3 kQ 95.3 kQ 95.3 kQ
Vaoc a
Vabc b I
VADC_c

4.99 kQ 4.99 kQ 4.99 kQ)

47 nF 47 nF 47 nF

| T

Figure 4.7: A voltage feedback circuit ([16] Fig. 5-7)

feedback circuit example. In this example the maximum phase voltage that can be sensed can be

calculated as follows:
4,99k + 95.3k0)
ymax = ymax 1990 = 66.3V (4.1)

This value can be adjusted in the user j1.h file:

//! \brief Defines the maximum voltage at the input to the AD converter
#define USER ADC_FULL SCALE VOLTAGE V (66.3)

For the BOOSTXL-DRV8301 this value is V3%, = 26.314V. The value of V;"%* should leave some
headroom, so it should be about 20-30% higher than the rated voltage of the machine. The divider
example from fig. 4.7 is ideal for a 48V machine [16].

The switching nature of the inverter makes it hard to accurately measure the phase voltage. This
is why the feedback signal needs to be filtered, which can be done using a capacitor. The filter needs
to smooth out the signals, while still being able to let a high-speed voltage signal pass through. For a
switching frequency of around 20 kHz a cutoff frequency of a few hundred Hz should be sufficient. In
the case of the BOOSTXL-DRV8301, the voltage sensing circuit is as shown in fig. 4.8. To accurately
detect the feedback voltage, the FAST estimator needs to now the pole of this filter. The frequency of
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Figure 4.8: The voltage feedback circuit of the BOOSTXL-DRV8301 ([20] Fig. 6)
the pole can be calculated as follows (with the values of the BOOSTXL-DRV8301)[16]:
1 1
Fritter pote = = 364.682Hz 4.2)

= 34.8k0x4.99kQ
21 X Rparaiier X € pp x Z222X22P%0 o 0.1uF
34.8k0+4.99kQ

The value of the filter pole’s frequency for the FAST estimator can be changed in the user j1.h file:

//!' \brief POLES

// R e b b b b b b I b Sh S dh b b 2 b b b b b b (b Ih Sb eh db S 2 2 b b b b b b b Ib Ib Sh dh db g g b b b b b b b b ah (db (db db S I 2 2 b b b b Sb (ab (Sb g
//' \brief Defines the analog voltage filter pole location, Hz

//! \brief Must match the hardware filter for Vph

#define USER VOLTAGE_FILTER POLE Hz (364.682)

Current measurement

The ADC's input range from 0 V to 3.3 V needs to be able to measure both positive and negative currents.
To be able to tell the sign of the signal, a reference voltage of 1.65V needs to be made. This can quite
easily be done by making a buffered voltage divider, as shown in fig. 4.9 [16]. Using the 1.65V as a
reference voltage, the current can be sensed using a differential amplifier like in fig. 4.10.

33V

J

§ R1 Ri=R;

(\\\5

+ \

| 1.65V
. Rz o o

- |

Figure 4.9: A voltage divider with a voltage follower to generate a 1.65 V reference signal ([16] Fig 5-2)
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Figure 4.10: A differential amplifier circuit, which can be used for the current sensing ([16] Fig 5-3)

The transfer function of the circuit in fig. 4.10 is [16]:

Repi

Vout =165+ Iin X Rshunt X R_ (43)
mn

With the values of the resistances, the maximum measurable current can be set. The maximum output
voltage should be 3.3V, and with the shunt resistor known, the other resistor values can be calculated.
The maximum peak-to-peak current to be measured should be specified in the software. So if the phase
current of the motor is +10 A a value of 20 A should be specified. This can be adjusted in user j1.h:

//' \brief Defines the maximum current at the AD converter
#define USER_ADC_FULL SCALE CURRENT A (33.0)

How well the current measurement represents the actual current depends heavily on the slew rate of
the operational amplifier [16].

The op-amp of the differential amplifier can be configured to have either positive or negative current
feedback. It is important to know which configuration is used, so that the MCU can have an accurate
current measurement. In fig. 4.11 the two options are shown.
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(a) Positive feedback

(b) Negative feedback

Figure 4.11: The two possible op-amp configurations for the differential amplifier ([16] Fig. 5-5 & 5-6)

The polarity of the feedback loop should be taken into account in the value of the current offset
values. For a positive feedback the values of the offset should be negative, and for a negative feedback
the values of the offset should be positive. The values can be set in user j1.h:
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#define I A offset (-0.8331743479) #define I A offset (0.8331743479)
#define I B offset (-0.8355930448) #define I B offset (0.8355930448)
#define I C offset (-0.8392037153) #define I C offset (0.8392037153)
(a) The current offset values for positive feedback (b) The current offset values for negative feedback

Not all the phases of an inverter necessarily have a shunt resistor to measure the current. The
number of shunt resistors (2 or 3) can be specified in user j1.h, so the Clarke transform can properly
convert the three phase system to a two phase system. If three shunt resistors are available, they
should all be used as that would give the most accurate result.

//! \brief Defines the number of current sensors used
//! \brief Defined by the hardware capability present
//! \brief May be (2) or (3)

#define USER_NUM CURRENT SENSORS (3)

In fig. 4.12 a schematic overview of the measurement circuits together is given. This shows how
to connect the voltage and current measurement circuits to the ADC pins on the LAUNCHXL-F28069M.

PWM signals (OUT)

The PWM signals coming out of the LAUNCHXL-F28069M use 0V as low and 3.3 V as high. The frequency
of the PWM signals can be changed to provide a suitable frequency for the motor provided. To keep
the ripple low, motors with a lower inductance usually need a higher PWM frequency [16]. To make
sure the control does not make audible noise, it is recommended the frequency is at least 20 kHz. The
PWM frequency can be changed in user j1.h:

//!' \brief Defines the Pulse Width Modulation (PWM) frequency, kHz
#define USER_PWM FREQ kHz (20.0)

How the PWM signals are configured precisely is beyond the scope of this project, but it is explained
in [21].



4. Controller Hardware

22

=
o
9]
<

IH H

Va TN
Three Phase Vi i
Inverter Ve |

< <

95.3kQ Mm, 95.3kQ Nw\ 95.3 kQ M
3.3 V source ﬁ m
33V oo Lo it

{ AN & GND =
@ | O DC-V-FB 165V

V,FB J
. W Reok

V,FB "
il " >|D ’ e Vou
o @ . YN

1,FB W % - R
o @ AN
o | O I,FB
0| o I.FB Repeat for I, (and 1)
{ BN J

Figure 4.12: An overview of connecting the ADC pins
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To understand how the FOC is implemented and how different motor specifications can be set in the
controller it is essential to look at some sections of the C code used by the Texas Instruments labs.
This chapter will focus on the code of lab 11a, where the motorcontroller itself is specified. For motor
identification lab 2 can be used, and the torque load in the simulation will use lab 4. How these labs can
be used is briefly discussed in appendix A. A more in depth explanation of the functions is given in [14].
In this project Code Composer Studio version 7.3.0, MotorWare™ version 1.01.00.18 and C2000Ware
version 1.00.02.00 are used.

5.1. Adjustments for motor types

To use any kind of motor with the software provided, it must first be specified in the code what kind
of motor it is. This can be done in the user.h, user j1.h, and user j5.hfiles. The user j1.h
and user j5.h files are the same, with only one difference. The user j1.h file is read when
connecting the BoosterPack to the top slot of the LAUNCHXL-F28069M (closest to the USB port), and
the user j5.nh file is for use of the bottom slot. Only user 51 .h will be used, as this project only
uses the top slot. Which slot is used can be changed in the user.h:

// select whether to use the inverter on connector Jl or J5 of the LaunchPad
#define J1

The following section will show where to adjust the parameters for the motor in the code. Without
these parameters, the control of the motor will not work properly. This is also where the values of the
motor determined in [1] will eventually be entered. First, a motor must be defined. This is done in the
user jl.h file:

//! \brief USER MOTOR & ID SETTINGS

// AR KA AR AR AR AR A AR A AR A AR A A AR A AR A A AR A AR A AR A AR A A AR A AR A AR A A A kA Ak kA Ak Ak Ak kA hk kK%

//!' \brief Define each motor with a unique name and ID number
// BLDC & SMPM motors

#define Estun EMJ 04APB22 101
#define Anaheim BLY172S 102
#define Tamagawa A0100 103
#define Teknic M2310PLN0O4K 104

#define Drone A2212 1000KV 105
#define Drone A2313 960KV 106

// IPM motors

// If user provides separate Ls-d, Ls-q

// else treat as SPM with user or identified average Ls
#define Belt Drive Washer IPM 201

23
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#define Anaheim Salient 202

// ACIM motors

#define Marathon 5K33GN2A 301

There are already several motor types ready to use, but when using a new motor it will need to be
specified. In the case of a BLDC or PMSM it can be defined here with the unique identifier 107. The
simulation set-up uses the Teknic M2310PLNO4K motors, which are already defined here, so that does
not need to be added. Of all the motors defined, one must be selected. This can be done directly
below the defining of the motors in user j1.h:

//! \brief Uncomment the motor which should be included at compile

//' \brief These motor ID settings and motor parameters are then available
to be used by the control system

//! \brief Once your ideal settings and parameters are identified update
the motor section here so it is available in the binary code

//#define USER MOTOR Estun EMJ 04APB22

//#define USER MOTOR Anaheim BLY172S

//#define USER MOTOR Tamagawa A0100

//#define USER MOTOR Drone A2313 960KV

#define USER MOTOR Teknic M2310PLNO4K
//#define USER MOTOR Belt Drive Washer IPM
//#define USER MOTOR Marathon S5K33GN2A
//#define USER _MOTOR Anaheim Salient

This will leave all the other motors with a grey layout in the code below. Only the selected motor will
have a white background because it is used. The motor parameters show in the code as follows:

#elif (USER_MOTOR == Teknic M2310PLN04K)

#define USER MOTOR TYPE MOTOR_Type Pm
#define USER MOTOR NUM POLE PAIRS (4)

#define USER MOTOR Rr (NULL)
#define USER MOTOR Rs (0.3918252)
#define USER MOTOR Ls d (0.00023495)
#define USER MOTOR Ls g (0.00023495)
#define USER MOTOR RATED FLUX (0.03955824)
#define USER MOTOR MAGNETIZING CURRENT (NULL)
#define USER MOTOR RES EST CURRENT (1. )
#define USER MOTOR IND EST CURRENT (-0.

#define USER MOTOR MAX CURRENT (7 )
#define USER MOTOR FLUX EST FREQ Hz (20 0)

If a new motor is introduced, with unidentified parameters, these values might need to be determined
first. A new motor can be entered in the following way (assuming it is BLDC or PMSM) [14]:

¢ USER_MOTOR_TYPE
Here the motor type is defined. In this case it should be MOTOR_Type_Pm.

e USER_MOTOR_NUM_POLE_PAIRS
Here the number of pole pairs of the motor needs to be defined. In the case of the Teknic
M2310PLN04K this number is 4. When adding the Mitsuba motor used by Nuna this number
should be 16.

o USER_MOTOR_Rr
The rotor resistance of the motor. Since this is irrelevant for BLDC machines and PMSMs this
value should always be NULL.

 USER_MOTOR_Rs
The stator resistance of the motor. A calculated value can be inserted here. If you want this
value to be estimated by the software, NULL should be inserted here. Then after running an
initialisation the estimated value can be copied here.
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USER_MOTOR_Ls_d
The inductance of the motor can, like Rs, be entered or measured. In case an estimation needs
to be done, enter NULL here.

USER_MOTOR_Ls_q

Since the motor specified is a BLDC (in the simulation set-up) or a surface PMSM (the Nuna
motors), this value should approximately be the same as Ls_d. That means either NULL or the
same calculated or estimated value.

USER_MOTOR_RATED_FLUX
The total flux linkage between the rotor and the stator. For now this value should be set to NULL,
and after the initial estimation it should be updated.

USER_MOTOR_MAGNETIZING_CURRENT
This value is only used with induction motors, so it should be set to NULL.

USER_MOTOR_RES_EST_CURRENT

When in identification mode, the motor has to be started in open loop. This value is used to set
the current peak during the initial startup. This value is used in the estimation of Rs. After the
identification of the motor is complete this value is not used anymore. It is recommended to set
this value at 10-20% of the rated current of the motor.

USER_MOTOR_IND_EST_CURRENT
This current can be set to the negative of USER_MOTOR_RES_EST_CURRENT. This is the value
of the maximum current that will be used to estimate Ls.

USER_MOTOR_MAX_CURRENT
Should be set to the maximum nameplate current of the motor.

USER_MOTOR_FLUX_EST_FREQ_Hz
When identifying the motor, this will be used as the maximum commanded speed of the flux. For
a PMSM motor, 20.0 Hz is a good starting point.

5.2. Functions in lab 11a

Lab 11a of the Texas Instruments manual shows most of the features that are needed for Nuna motor
control. The most important functions are [14]:

Keeping the controller as much out of ROM as possible. This will allow for modifications to the
control to be implemented easily.

Not using any motor identification. This should have already been done, with previous measure-
ments or the values found in [1].

Offset recalculation during standstill. This will allow for the control to be (re)calibrated when
needed.

Rs recalculation. This is also useful for (re)calibration.

Rs Online. This will allow for the stator resistance to be recalculated while running the motor.
This is very important, as this value will be used to calculate the temperature in the motor. This
can be used to stop the motor from overheating.

Speed and Id ramps. By not using steps to change the speed and Id reference overcurrents and
overvoltages can be avoided.

Space vector over-modulation. The lab will also allow for over-modulation to be used if desired.
This thesis will not discuss over-modulation in detail.

Field weakening is also available. This will allow the motor to spin beyond its rated speed by
reducing the field in the motor.
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¢ 1/Vbus compensation. This feature will adjust the output voltage to how much Vbus has dropped.
This means the output voltage is always correctly compensated to match Vbus.

e CPU usage calculation. Here the percentage of the CPU used can be seen. This will allow for
developers to check how extra functions impact the calculations, or show them they need to free
up some space.

e The PID controllers can be independently tuned.

These features make for a great place to start developing Nuna’s own controller, as a lot of control
parameters can be adjusted beforehand and while running. How to use this lab is explained in ap-
pendix A. How these extra functions are implemented in the C code can be found in [14] under the lab
11a explanation.

5.2.1. FOC on the MCU

A block diagram of how FOC is implemented on the microprocessor is given in fig. 5.1 [16]. There is
one big difference between the figure and lab 11a: the figure shows all of the control blocks inside a
"CTRL" object that is called from the main loop, which is not used in lab 11a. Instead all the blocks seen
here are directly implemented in the main interrupt service routine (ISR). This can be done because
no motor identification is needed. The identification process is specified in the CTRL object, so if that
is needed a previous lab should be used. Lab 11a provides a more open structure, because all parts of
the control can be seen from the main ISR. This makes it easier to comprehend the control and modify
specific parts.

Torque
Mode

User_Spdy;

User_lynet

User_ g

FAST™ Estimator
Flux, Angle, Speed, Torque
Motor Parameters ID

waf

Enable PowerWarp™

Enable Motor Identification

Enable R; Online Recalibration

' E 2o

o Enable Force Angle Startup

Muotor Type

E 3

lrteat

Figure 5.1: An overview of the way FOC is implemented with the TMS320F28069M MCU ([16] Fig. 1-3)
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5.2.2. Field weakening in lab 11a

In lab 11a automatic field weakening is included. In fig. 5.2 the block diagram of this field weakening
is shown. First, the output of the Id and Iq controller are used to calculate the output vector Vs. The
output vector is then compared to VsRef, the maximum allowed output vector calculated from the limits
set by the user. If Vs becomes larger than VsRef, field weakening will be applied [14]. As the motor’s
speed increases, Vs will become larger than VsRef, and at that point IdRef will start to grow negative.
This will produce field weakening and keep Vs controlled to VsRef [14]. The changing of IdRef is done
in the Field Weakening Controller. This controller uses a VsRef signal to determine the adjustment of
IdRef, as shown in fig. 5.3. This field weakening method is an example, and other field weakening
algorithms can be implemented in the motor controller [14].
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Figure 5.2: The block diagram of the field weakening implemented in lab 11a ([14])
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Figure 5.3: The field weakening controller ([14])

5.3. Lab 11a - Main ISR

The Code Composer Studio project for Lab 11a is very large. Here some of the basic functions of
the project will be explained. Starting with the main interrupt service routine, this will give a proper
overview of how the control works while running. This explanation can also be found in [14].

Forward FOC
Here data values are received from the ADC, the offset is applied to the currents and voltages, and the
Clarke transforms on the currents and voltages are done.

// acknowledge the ADC interrupt
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HAL acgAdcInt (halHandle, ADC IntNumber 1);

// convert the ADC data

HAL readAdcDataWithOffsets (halHandle, &gAdcData) ;
// remove offsets

gAdcData.I.value[0] = gAdcData.I.value[0] - gOffsets I pu.value[0];
gAdcData.I.value[l] = gAdcData.I.value[l] - gOffsets I pu.value[l];
gAdcData.I.value[2] = gAdcData.I.value[2] - gOffsets I pu.value[2];
gAdcData.V.value[0] = gAdcData.V.value[0O] - gOffsets V pu.value[0];
gAdcData.V.value[l] = gAdcData.V.value[l] - gOffsets V pu.value[l];
gAdcData.V.value[2] = gAdcData.V.value[2] - gOffsets V pu.value[2];

// run Clarke transform on current

CLARKE run(clarkeHandle I, &gAdcData.I,&Iab pu);
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// run Clarke transform on voltage

CLARKE run(clarkeHandle V, &gAdcData.V, &Vab pu);

Estimator Run
This is the main function to ROM, to run the FAST™ estimator.

// run the estimator
EST run (estHandle,

&Iab pu,

&Vab_ pu,

gAdcData.dcBus,
gMotorVars.SpeedRef pu);

Extracting Estimated Variables
To actually control values with FOC, a few variables need to be extracted from the estimator. These
are the following values:

¢ Flux - The value of Id.

Angle - The angle of the rotor.

Speed - The speed at which the rotor is turning.

Torque - The value of Iq.

// generate the motor electrical angle
angle pu = EST getAngle pu(estHandle);
speed pu = EST getFm pu(estHandle);

// get Idg from estimator to avoid sin and cos
EST getIdg pu(estHandle, &gIdg pu);

Reading the Id and Iq values from the estimator is not necessary, but it saves execution cycles compared
to getting phasor values from them and performing a Park transformation.

Speed Control
This is the first control block, which takes a reference from a global variable and an actual value from
the estimator. The frequency at which the controller is activated can be set in user j1.h.

// when appropriate, run the PID speed controller

if (pidCntSpeed++ >= USER _NUM CTRL TICKS PER SPEED TICK)
{

// clear counter
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pidCntSpeed = 0;

// run speed controller
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PID run spd(pidHandle[0],
gMotorVars.SpeedRef pu,
speed pu,

& (gIdg ref pu.value[l]));
}

Id control
The controller of Id is executed next.

// get the reference value

refValue = gIdg ref pu.valuel0];

// get the feedback value

fbackValue = gIdg pu.value[0];

// run the Id PID controller

PID run(pidHandle[l], refValue, fbackValue, & (gVdg out pu.value[0]));

Iq control
The controller for Iq is the last control block executed.

// get the Iq reference value

refValue = gIdg ref pu.valuell];

// get the feedback value

fbackValue = gIdg pu.value[l];

// calculate Ig controller limits, and run Ig controller
outMax_pu = _IQsqrt( IQ(USER MAX VS MAG PU * USER MAX VS MAG PU)

- IQmpy (gVdg out pu.value[0],gVdg out pu.value[0]));

PID setMinMax (pidHandle[2],-outMax pu,outMax pu);

PID run(pidHandle[2],refValue, fbackValue, & (gVdg out pu.value[l])):;

Using the value for available voltage from an output vector, as well as a limit set in user j1.h, the
output limit of the control is calculated before actually running the controller.

Inverse FOC

The outputs of the Id and Iq controllers go through an inverse Park transform and space vector mod-
ulation. For the inverse transform the most recent angle estimation is used in combination with a
compensation factor. This compensation is based on the estimated speed and the frequency of the
PWM module. This is needed because of the delay of the previous executions.

// compensate angle for PWM delay
angle pu = angleDelayComp (speed pu, angle pu);
// compute the sin/cos phasor

phasor.value[0] = IQcosPU(angle pu);
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phasor.value[l] = IQsinPU(angle pu);

// set the phasor in the inverse Park transform
IPARK setPhasor (iparkHandle, &éphasor);

// run the inverse Park module

IPARK run (iparkHandle, &gVdg_out pu, &Vab pu);

The voltages out of the inverse Park transform need to be compensated for any drop in Vbus. The
1/Vbus calculation is read from the estimator, and the space vector modulation is executed with the
compensated values.

// run the space Vector Generator (SVGEN) module
oneOverDcBus = EST getOneOverDcBus pu(estHandle);
Vab pu.value[0] = IQmpy(Vab pu.value[0],oneOverDcBus) ;
Vab pu.value[l] = IQmpy(Vab pu.value[l],oneOverDcBus) ;
SVGEN_ run (svgenHandle, &Vab pu, & (gPwmData.Tabc)) ;
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Writing PWM values
The final step of the interrupt service routine is writing the newly calculated PWM values to the PWM
module through the hardware abstraction layer (HAL).

// write the PWM compare values
HAL writePwmData (halHandle, &gPwmData) ;

At the end of this routine a full cycle of control like in fig. 5.1 has been executed.



CAN-interface

6.1. CAN Protocol

The Controller Area Network (CAN, or CAN Bus) is a method designed to let devices communicate with
each other without using multiple wires. CAN is an International Organization for Standardization (ISO)
defined serial communications bus [22]. It is designed to let control units and devices communicate
with each other over two lines: a CAN-H (CAN High) and a CAN-L (CAN Low) wire. These are connected
to all the parts of the network and finally ended with a CAN Data Bus terminal, like figure 6.1. This is
often a 120 ohm resistor, preventing that data is reflected at the ends of the CAN line [23].

CAN 1 CAN 2 CAN 3

CAN-H

[CAN-L

Figure 6.1: A simplified implementation of a CAN interface

CAN bus communication protocol is a carrier-sense, multiple-access protocol with collision detection
and arbitration on message priority. [22] The sequence that is brought onto the lines is equal, however
their amplitudes are opposite. Meaning a pulse on the CAN-H line goes from for example 7.5V to 4V,
the pulse on the CAN-L goes from 0.5V to 4V and vice versa. This provides a better noise resistance
and therefore less corrupted data. When the two CAN-bus lines (CAN-H and CAN-L) are 7.5 volt and
respectively 0.5 volt, the voltage difference is at the maximum and the status of the bit is in dominant
state with the value of 0. When both lines hit the 4 volt, the bit goes in recessive state and the value
is 1 [23].
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The transfer process, using figure 6.1, works as following:

1.
2.
3.
4.

CAN 1 provides the data to the CAN 1 controller.
The CAN 1 controller sends the data over the lines using electrical signals, if the line is free.
CAN 2 and 3 controllers receive the data.

Both the nodes check if they need the data and decide to accept or reject the data.

Their are two kinds of CAN protocols. The protocol for low speed CAN, ISO 11898-3, with speeds
up to 125 kb/s (maximum distance of 500 meters). And ISO 11898-2, high speed CAN op to 1 Mb/s
(maximum distance of 40 meters). These can be further divided into the length of the identifier (ID)

[23]:

Standard length of 11 bits.
Extended length of 29 bits. Using a standard 11 bit identifier with an 18 bit extension.

The car of the Nuon Solar Team uses the ISO 11898-2 protocol, with preferably the Standard CAN
identifier length.

If two or more devices try to send a message on the bus. The message, which has the highest priority
or most dominant bits, will be sent first. The others are placed in the queue. Figure 6.2 shows how a
CAN message is structured.

o | IDENTIFIER | 7 | = | [DLC| DATA | CRC|ACK || ¢
1 bit 11 bits 1bit| 1bit | 1bit | 4bits up to 64 bits 16 bits 2 bits 7 bits| 7 bits

Figure 6.2: A standard CAN message structure: 11-Bit Identifier [22]

In short:

SOF: Start Of Field (1 bit), indicates a message is send with a dominant bit.

Identifier (11 bits), this is the priority of the message. How more dominant bits the identifier is,
how more important the message is.

RTR: Remote transmission request (1 bit). This bit is dominant if some other information is
required.

IDE: Identifier Extension (1 bit). If this bit is a zero the standard identifier is used. If this is a
recessive 1 bit, the extended version is used.

r0 (1 bit), reserved bit (for possible use by future standard amendment).
DLC (4 bits), displays how much items were sent in the data field.
Data (up to 64 bits), the actual information that was sent.

CRC: Cyclic Redundancy Check (16 bits). This field is used to check if there were any faults in
the message.

ACK, Acknowledge Field (2 bits). All the receivers acknowledge in this field, they have received
the data.

EOF: End Of Field (7 bits). The end of the data protocol.



6.2. Requirements 33

 IFS: Interframe Space (bit). The time required by the controller to move a correctly received
frame to its proper position in a message buffer area.

The extended CAN message structure is the same as the Standard CAN message with the addition
of:

* SRR: Substitute Remote Request (1 bit). Replaces the position of the RTR bit.
 IDE: Identifier Extension (1 bit), is a recessive 1.
¢ 18-bit extension identifier

e rl, an additional reserved bit. Following after the 18-bit identifier, the RTR bit and followed by
the r0 bit. [22].

6.2. Requirements
To implement the microcontroller into the new Nuna, the following requirements for CAN were given:

e Minimum CAN bus supply voltage: 9 volt.

e Maximum CAN bus supply voltage: 15 volt.

¢ Nominal Can bus supply voltage: 12 volt.

¢ CAN bus data rate: 500 kbps.

¢ CAN bus isolation from high power DC bus: 1000 volt.
e CAN protocol ISO 11898-2 is used.

e Standard Identifier: 11 bits.

The requirement in italic is not mandatory, but preferable.

6.3. The enhanced Controller Area Network (eCAN)

The enhanced CAN module uses a serial communication protocol. It is ideal to use in noisy environments
like the automotive and some other industrial fields. The enhanced CAN module has at least the
following features [24]:

o Up till 32 mailboxes in extended mode.

e Supports data rates up to 1 Mbps.

¢ Fully compliant with ISO 11898-2 (version 2.0B).

» Configurable as receive or transmit mailbox, as well as standard or extended identifier.
e Composed of 0 to 8 bytes of data.

The eCAN module exists out of multiple parts. The most important are the mailboxes and the
control and status registers. There are 32 mailboxes and here is the message defined that is received
or needs to be transmitted. The control and status registers are used to control the mailboxes.

eCAN mailboxes
The mailboxes exist of 4 parts:

¢ MSGID — Message Identifier (32 bits)
These bits set the identifier extension bit and acknowledge the identifier. The last 29 bits for the
extended version and bit 28 till 18 for the standard identifier.

* MSGCTRL — Message Control (32 bits)
These bits set the remote-transmission-request bit and define the data-length of the code.
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e CANMDL — Message Data Low (4 bytes)
The first 4 bytes of the actual data.

« CANMDH — Message Data High (4 bytes)
The last 4 bytes of the actual data.

eCAN Control and Status Registers
In the Control and Status registers there are 26 registers each of 32 bits. The most important ones
are:

¢ CANME — Mailbox Enable
In this register every bit is used to enable or disable the individual mailboxes.

e« CANMD - Mailbox Direction
Every bit is used to set the direction of each individual mailbox. By writing a 1 the mailbox is
configured to receive, set it to 0 the mailbox is a transmit mailbox.

¢ CANTRS — Transmission Request Set
If one of the mailboxes is ready to transmit a message. This register is set and the transmission
is started. The bit can't be cleared by itself. The CPU writes to the transmission-request-reset
register when a transmission is send or aborted.

¢ CANTA — Transmission Acknowledge
If the message was sent successfully, the bit of the transmission acknowledge is set. The number
of the bit, that is set, is the number of the mailbox that has sent that message. To clear the bit
a 1 must be written to the corresponding bit.

e CANRMP — Received Message Pending
If a message is received in the mailbox, the corresponding bit of the received message pending
register is set. This bit can only be reset by the CPU. If there is received a new incoming message,
the old one is overwritten.

¢« CANMC — Master Control
This register controls the settings of the CAN module. Some bits are protected from writing
directly. The most important settings are:

— Standard CAN Configuration bit. This bit defines if the eCan module is half or fully used.

— Change-configuration request. When this bit is set the configuration register CANBTC can
be changed.

— The data byte order. This bit determines if the least significant or most significant byte is
received or transmitted first.

— The Self test mode bit. If the CAN module is in self test mode, it sends its own acknowledge
bits so the code can be tested. To put it in normal CAN mode this bit needs to be zero.

e CANBTC — Bit-Timing Configuration
The network-timing parameters are defined in this register. This register needs to be programmed
before using the CAN module and to program this register the Change-configuration request bit
in the Master Control register needs to be set.

e CANES - Error and Status
The Error and Status register gives the actual status of the CAN module. It also displays the bus
error flags and the status error flags.

¢ CANTIOC — TX I/0 Control
The CANTX pin should be configured for CAN use. Therefore in this register the transmit func-
tionality is assigned to the CANTX pin.

e CANRIOC — RX I/0 Control
The CANRX pin should be configured for CAN use. Therefore in this register the receive function-
ality is assigned to the CANRX pin.
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e CANTSC — Time-Stamp Counter
In this register the counter at any given moment is displayed. It counts on the bit clock of the
CAN bus. So for a 500 kilohertz clock the counter counts every 2 microseconds.

6.4. CAN code

The eCAN is not fully supported in MotorWare™. Later, a header file was added, which is a good
introduction in the CAN support. However to use the CAN interface a C file needs to be added to the
project. This is done using the steps of the SCI/UART tutorial [25]. Nevertheless, a user on the Texas
Instruments E2E forum had the same problem and integrated the CAN module himself using the eCAN
selftest of the F28069M development board [26]. How the code can be added to lab 11a can be found
in appendix A.

The most important functions used in the CAN.c file in appendix D are:

o ECAN_init
Allocate memory to the different registers.

 ECAN_setBitrate
Change the bitrate of the CAN module. There can be chosen to set it on 1 MHz, 500 kHz, 250kHz,
125kHz, 100kHz, 83kHz, 50kHz or 20kHz. The default setting is 500 kHz.

o ECAN_setBTCreg
Configure the rest of the Bit timing configuration register.

o ECAN_clearMSGCTRL
Clear the Message Control of the mailboxes.

o ECAN_clearMSGID
Clear the Message ID’s of the mailboxes.

o ECAN_clearMDL
Clear the Data Low of the mailboxes.

o ECAN_clearMDH
Clear the Data High of the mailboxes.

¢« ECAN_enableAllMailbox
Set the CANME register of all mailboxes to 1 to enable the mailboxes.

e ECAN_setTXIO
Set the CANTXIO to 1 to enable the transmit functionality.

¢ ECAN_setRXIO
Set the CANRXIO to 1 to enable the receive functionality.

o ECAN_setSCCmode
Use the Standard CAN configuration mode. The CAN module uses only 16 mailboxes instead of
32.

o ECAN_setECANmode
Use the full functionality of the CAN module. The module uses all 32 mailboxes.

o ECAN_clearCANTA
Write to every CANTA register a 1 to clear all the transmission acknowledgements.

o ECAN_clearCANRMP
Write to every CANRMP register a 1 to clear all the received message pending register bits.

o ECAN_SelfTest
Define if the eCAN module has to use Self Test or use normal CAN mode.
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ECAN_setMailboxDir
Set the directions of each mailbox. This is done by writing a 1 to let a mailbox receive or set a 0
to transmit.

ECAN_configMailbox
Configure the mailbox completely: Enable it, Set the Message ID, Specify number of bits that will
be transmit or received. And finally define what mailbox direction is used.

ECAN_putDataMailbox
Write data to the mailbox MDL and MDH registers.

ECAN_configMasterReg
Configure the master control register.

ECAN_sendMSG

Send a message. First specifying the Data in the MDL and MDH register. Than set the CANTRS
register to send the actual message and finally wait for an acknowledgement in the CANTA reg-
ister.



Conclusion

In this thesis the different subjects presented in section 1.3 and section 1.4 have been discussed. A
proper study has been done on different control methods and field oriented control was chosen as the
most effective technique. FOC is effective at low speeds, and has a low torque ripple. Both of these
characteristics make it a good solution for Nuna.

To get started with developing the FOC, Texas Instruments InstaSPIN™ technology was used. This
provides an extensive developing environment, including ready to go development boards. The inte-
grated FAST™ algorithm makes this solution unique and accurate. The ability to quickly and accurately
estimate the flux, angle, speed and torque, as well as calculating motor parameters while running, was
a big factor in the decision to use this technology. The project supervisor and other staff at TU Delft
have experience with this developing environment already, which made the decision for this technology
even easier. The LAUNCHXL-F28069M was used in combination with the BOOSTXL-DRV8301 Rev. B.
The MCU on the LAUNCHXL already has FOC implemented in it, with a software encoder algorithm to
keep the control fully sensorless.

Using these two boards together with a set of development motors, a simulation set-up was made.
The set-up will allow people from the Nuon Solar Team to understand and interact with the controller
quite easily. The Nuna motors can also be driven at low power with the development boards. How the
control is implemented in the software is explained in this thesis. The connections on the LAUNCHXL-
F298069M have been discussed as well. This means the Nuon Solar Team can connect the controller
to a different inverter in a further stage of development. The CAN-interface capabilities have also been
implemented, so the Nuon Solar Team can specify which values they want to input and output during
driving.

For use of the simulation set-up, an elaborate manual was made. This will guide users through the
installation of the required software from Texas Instruments and setting up the hardware. The Texas
Instruments environment can be quite hard to grasp, because all kinds of different software packages
have to be installed. With this manual it will become more clear on what is needed and what is not
needed to set up the controller development.

Of the deliverables stated in section 1.4 all are done. The control method study can be found in
chapter 2, the implementation choices and simulation set-up are explained in chapter 4 and chapter 5,
the manual can be found in appendix A, and the recommendations for further research are in chapter 8.
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Discussion & Recommendations

8.1. Discussion

While all the deliverables have been achieved, one big issue came up that delayed the project and had
influence on the quality of the delivered result. The incompatibility of the BOOSTXL-DRV8323RH with
the LAUNCHXL-F28069M was a major setback on the progress of the project. On the Texas Instruments
website the LAUNCHXL-F28069M is listed on the page of the BOOSTXL-8323RH as a product that is
compatible. However, when both the development boards arrived and were connected to each other,
it became clear quite quickly that they were not properly configured to work together. The students
did not understand why this was the case, because the boards were from the same manufacturer, the
same product range and had the same technology on them.

Figuring out why the board did not work cost quite some time, and when the Hardware Quick Start
Guide of the DRV8323RS was found, the problem seemed to have been solved. When the hardware
adjustments (described in section 4.2.2) were made according to this guide, it became clear that
software adjustments also had been made. At this point already almost two weeks had been spent
on trying to get the boards to work together, as it was the first time either of the students worked
with the Texas Instruments environment and could not fully comprehend what was going wrong. The
decision was made to switch to the BOOSTXL-DRV8301 Rev. B, which worked properly the moment it
was connected to the LAUNCHXL-F28069M.

A lot of time went into figuring out what was wrong with the first board, and that time could have
been used more efficiently to explore more features of the control. This would not have been an
issue if Texas Instruments had a clearer website. During this project, it became clear that the Texas
Instruments environment is mostly built for people who know what they want and already have an
idea of how to achieve that. Texas Instruments could benefit from making their software and support
more beginner-friendly, as it is quite complicated and confusing when starting out.

In retrospective, it would have been wiser to switch to the BOOSTXL-DRV8301 sooner, because
it only became clear what was wrong when the project had progressed quite a bit further. The
understanding of the hardware and software came later because it took the students working with
the BOOSTXL-DRV8301 to get how the boards interact and how the control works. The BOOSTXL-
DRV8323RH can still be used with the LAUNCHXL-F28069M, but before it will work the communication
with the boards has to be adjusted. The DRV8323RH works through a GPIO interface, while the
DRV8301 works with SPI.

8.2. Recommendations

While some things did not go as planned, this project has still made a good start on the development
of a motor controller. It is clear that the path started with this thesis can be a very fruitful one for the
Nuon Solar Team. Some recommendations are done for future research based on this thesis.

¢ While the BOOSTXL-DRV8323RH can be made to work with the LAUNCHXL-F28069M, it is not
recommended to put any more time in doing this. The BoosterPacks are just tools to get the
simulation set-up running, running demos on the Nuna motors and doing early prototyping on
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the control. While the DRV8323RH can deliver more power than the DRV8301, it will still not
be able to drive the motor properly. For the applications stated, the DRV8301 does the job well
enough and the DRV8323RH provides very little benefits. In a further stage of development,
another inverter will have to be used anyway, and until then the DRV8301 is sufficient.

¢ The CAN-interface has been integrated to work with lab 11a, and values can be read and sent
while the motor is running. It is still necessary for the Nuon Solar Team to specify exactly which
values should be sent over the CAN-bus and what mailboxes to use. With this added the control
will be able to properly interface with the rest of the car.

* When looking at inverters in the future, it is probably wise to leave the LaunchPad development
kit in use right now. An inverter can be connected to the GPIO pins, and it will work, but the
solution is not ideal. The pins on the LAUNCHXL-F28069M are quite fragile and the durability is
questionable at best. Instead it is a good idea to design a custom PCB for the TMS320F28069M
MCU. This is the same MCU as on the LaunchPad, but with a custom PCB it can be much better
integrated. The signals coming from the inverter and the phases need to be processed with
tuned circuits and on a custom PCB these could all be integrated in an efficient and durable way.
Connections can also be placed in a convenient way. If the Nuon Solar Team decides to also look
into building a custom inverter, the measurements and control could even be integrated right into
the inverter, making the whole combination a reliable block.

With the basis presented in this thesis and the recommendations named above, developing a motor
controller for Nuna should prove a fruitful endeavor, with which they can keep their championship title
for years to come!



InstaSpin™ manual

A.1l. Introduction

This manual is to help people regarding the combination of the TI LAUNCHXL-F28069M in combination
with the TI BOOSTXL-DRV8301 and two Teknic inc. Hudson BLDC motors. It helps by telling how the
software needed has to be installed and in what order. Furthermore it explains how a FOC control (and
CAN capabilities) can be implemented using Motorware.

A.2. Hardware

To build the simulation set-up the following equipment is needed:

o 2x Texas Instruments LAUNCHXL-F28069M

Figure A.1: TI LAUNCHXL-F28069M

e 2x Texas Instruments BOOSTXL-DRV8301 rev. B
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BOOSTXL~DR’

Motor Orive E

Figure A.2: TI BOOSTXL-DRV8301 Rev. B

e 1x Texas Instruments 2MTR-DYNO InstaSPIN-FOC Evaluation Module (this includes 2x Teknic
Hudson M-2310, a shaft coupler and a frame mount for stability)

Figure A.3: Components of the 2MTR-DYNO kit

1x Power supply of 30 volt and 10 ampére

Clamps to secure the set-up to the table

2x Personal computer running Microsoft Windows (in this manual Windows 10 Home is used)

Cables to connect the BOOSTXL to the power supply
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A.3. Software installation

The following software is needed to get the set-up running:

1. Code Composer Studio IDE

2. MotorWare™

3. C2000Ware

A.3.1. Code Composer Studio

1. Go to http://processors.wiki.ti.com/index.php/Download_CCS.

2. Download either the offline or online installer for Windows of the latest version of Code Composer
Studio (in this manual the offline installer for Code Composer Studio 7.3.0 is used).

Download C

Cloud Tools

Figure A.4: step 2

CS

3. Unzip the file and open css_setup_[version].exe

B [ = | ccszzommns

« “ 4 s ThisPC »

| Name
baserepo
binary

featurerepo

|| artifacts.jar

¥ ccs_setup_7.3.0.00019
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|
| features
|
|

9itemns

Figure A.5: step 3

4. A security warning will pop up

View
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» Texas Instruments »

Date modified

137

CCS7.3.0.00019_win32
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JAR File
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Text Document
Text Document
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16.152 KB
3KB
1KB
1KB

count
a
lorer prow o
- a
L]
v O Search CCS7.3.0.00019_win32 0 I
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5. Click "Continue”,

&% Code Composer Studio v7 Setup - O x
CCSInstallation

The Code Composer Studio installer is checking for any preinstall dependencies. This may take some time.

Please read the information carefully to determine if you need to take any action prior to continuing.

Starting dependency checks...

Operating System Check: Windows 10 -> QK
Unicode character Check -» OK

Anti-Virus Check -> OK

Pending reboot Check -= OK

Checking Windows Updates...

Done

Texas Instruments

|

Figure A.6: step 5

6. Accept the terms of the license agreement and click “Next”.
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% Code Composer Studio v7 Setup

License Agreement

Please read the following license agreement carefully.

O
> |

TECHNOLOGY SOFTWARE PUBLICLY AVAILABLE

|Copyright (c) 2016 Texas Instruments Incorporated

|All rights reserved not granted herein,
!Limited License Agreement.
|
EThis Limited License Agreement ("Agreement") is a legal agreement between you (either an individual or entity) and Texas Instruments
ilncurpurated ("TI"}). The "Software" consists of the following materials: (a) the materials identified as Tl proprietary software programs in the
software manifest for the software subject to the terms herein, and any "on-line" or electronic documentation associated with these programs,
or any portion thereof (the "Licensed Materials"), and (b) the materials identified as open source materials or third party proprietary software in
the software manifest for the Software, or any portion thereof ("Public Software”). For clarification, your use of the Licensed Materials is subject
to the licensing terms contained in this Agreement and your use of the Public Software is subject to the separate licensing terms specified in the
applicable software manifest and/or identified or included with the materials to which they apply. This Agreement does not limit your rights
under, or grant you rights that supersede, the license terms of any applicable Public Software license agreement. By installing, copying or
otherwise using the Licensed Materials you agree to abide by the terms of this Agreement. If you choose not to accept or agree with these
terms, do not download or install the Licensed Materials.

|Tl hereby grants you a world-wide, royalty-free, non-exclusive license under copyrights and patents it now or hereafter owns or controls to
|make, have made, use, import, offer to sell and sell ("Utilize") the Licensed Materials. With respect to the foregeing patent license, such license is
|granted solely to the extent that any such patent is necessary to Utilize the Licensed Matenials alone. The patent license shall not apply to any
|combinations which include the Licensed Materials, other than combinations with devices manufactured by or for Tl ("TI Devices"). Mo
hardware patent is licensed hereunder.

Redistributions must preserve existing copyright notices and reproduce this Limited License (including the above copyright notice and the
id\s:la\mer and (if applicable) source code license limitations below) in the documentation and/or other materials provided with the distribution,

(0 | de not accept the terms of the license agreement. Print

< Back @ Finish Cancel

Texas Instrurnents

Figure A.7: step 6

7. Select a directory to install to and click "Next”. (c:\ti is recommended).

¥ Code Composer Studio v7 Setup

Cheose Installation Location

‘Where should Code Composer Studio v7 be installed?

Te change the main installation folder click the Browse button.

CCS Install Folder

it il Browse

Texas Instruments

< Back Finish Cancel

Figure A.8: step 7
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8. Select the C2000 real-time MCUs family to be installed and click “"Next”.

¥ Code Composer Studio v7 Setup

Processor Support

Select Product Families to be installed.

Description

O MSP430 ultra-low power MCUs
O SimpleLink™ MSP432™ low power + performance MCUs
O SimpleLink™ CC13x and CC260x Wireless MCUs
O SimpleLink™ Wi-Fi® CC32x Wireless MCUs
= eless MCUs

32-bit microcontrollers (MCUs)
optimized for processing, sensing, and
actuation to improve closed loop
performance.

-M4F core-based MCUs

O Hercules™ Safety MCUs

O Sitara™ AMx Processors

[0 OMAP-L1x DSP + ARM3® Processor

O DaVinci (DM) Video Processors

O OMAP Processars

O TDx Driver Assistance SoCs & Jacinto DRAx Infotainment SoCs
O C55x ultra-low-power DSP

0O C6000 Power-Optimized DSP

O 66AK2x multicore DSP + ARM® Processors & CBx KeyStone™ multicore DSP
O mmWave Sensors

O C64x multicore DSP

O UCD Digital Power Controllers

O PGA Sensor Signal Cenditioners

[“1Select All Install Size: 1048.14 MB.

Texas Instruments —

< Back Finish Cancel

Figure A.9: step 8

9. Make sure the TI XDS Debug Probe Support is selected and click “Finish”.
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% Code Composer Studio v7 Setup

Select Debug Probes

Select the debug probes you want installed and deselect the debug probes you want to leave out,

| Description

TI XDS Debug Probe Support

Bp. "
O Spectrum Digital Debug Probes and Boards
O SEGGER J-Link

[I5elect All Install Size: 1178.51 MB.

Texas Instrurnents

_ad—
< Back Net> | finshdl| | Concel

Figure A.10: step 9

10. Wait for the installer to install Code Composer Studio and the packages (this will take a few
minutes).

11. Deselect “Launch Code Composer Studio” and any other options you don‘t want.
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% Code Composer Studio v7 Setup

CCS Installation

Code Composer Studio has been successfully installed.

["ILaunch Code Compeoser Studid
[[ICreate Desktop Shortcut

Create Start Menu Shortcut|

Texas Instrurnents

‘ Finish ’

Figure A.11: step 11

A.3.2. MotorWare™
1. Go to http://www.ti.com/tool/MOTORWARE.

2. Click the download button.

&3 TEXAS INSTRUMENTS  conne + searcn Q

¥ Worldwide (i English)

MotorWare™ Software

(ACTIVE) MOTORWARE

[ Descrption&reatures [ TechricalDocuments (B support & Traiing R
Order Now
] P e P p—_ e po—

L -

MOTORWAR
Moto

=3 PO ACTvE V1010018 0sAPR Piccolo
2017 laestin
Softw

Description

Motorw
nstasp

Features

Software Features

Motorware Gul

Figure A.12: step 2

3. Register a new MyTI account or log in if you already have an account.

ution method offers

Hello, Tobias | Logou

Dmynistory Wcart @ english



A.3. Software installation

49

Products  Applications & designs

myTI Account

Existing myTI user?
Vour emsi sress

Your mym password

# Remember me €

Forgot your password?

Bylogaing n. you agree to
T Terms of use & Privacy policy.

Figure A.13: step 3

Tools & software

Support&training  Order Now  About TI

New user?
Register for free:

Country orregion
Selectone N
2Ip or postal code.

Company/university

Firstname BEN
Lastname

Your emal address

Confirm emal address

create a password

Confirm password

stay informed

] Tiproducts
Unsubscribe at anytime.

@Cart g Engish  TEmyT!

[0}

4. You will need to fill out a U.S. Government Export Approval form to be able to download Motor-
Ware™. Select “Civil” in the application category, and select “Yes” at “I CERTIFY ALL OF THE
ABOVE IS TRUE:". Then submit the form.

i3 Texas INSTRUMENTS

Tl Request

To download or access:

* Certain Software/Tools/Documents require
approval before download or access

Everything

export

1 you e approved. a DOWNLOAD BUTTON wil
ar

1fyou e not immediately approved. a mess
appear afer this form.

+To AVOID delays, please provide complete
information.

Figure A.14: step 4

5. Click "Download”.

sage wil

~ [ search a

Support & training  Order Now

U.S. Government export approval:

Al felds are Required. Incomplete nformation will be DENIED.

Firstname: Toblas
Last name: Roest

Your emall address: I
Vour full company/university name: DelftUniversiy o Techr.
Country this fle wilbe used i Netherlands

ment/appiication wil you use this e for:

I certify that the following is true:

under the U.. C

(B)1am NOT ocated in Cuba,Iran. North Korea, Sudan or Syra. | understand these

(0)13m NOT lsted on the Commerce Departments Derred Perso List, the.

No.3 (i Supp. 1 L0 EAR Part 736), o the Treastry Department’ Lists of Specially
Designated Nationals.

(d) | WILL NOT EXPORT, re EXPORT or TRANSFER this Software/Tool/Document to

entity,
license!s)or authorizations!from the U.S. Government,

@ aw

I certify that the following is true:

@i
under the US.

(b)1am NOT located in Cuba, Iran, North Korea, Sudan or Syria. | understand these

(©)1am NOT lsted on the Commerce Departments Denied Persons Lst. the.

ist.
No.3 (in Supp. 1 0 EAR Part 736), or the Treasury Department’ List of Specialy
Designated Nationes.

()| WILL NOT BXPORT, re EXPORT or TRANSFER this Software/Tool/Document to

licensels) or authorizationfs) from the U.S. Government.

(€)1 will NOT USE or TRANSEER this Software/Tool/Document or use n any
sensitive NUCLEAR, CHEMICAL or BIOLOGICAL WEAPONS, or MISSILE
TECHNOLOGY

spefic icense.

ol than

se,or expe

compliance with any such import, use, or export restictons.
-t
-t

+1/1We take responsibilty to comply with these terms.

- verslons
of the Export Administration Regulations and other U, export and
Sanctions lavis.

| CERTIFY ALL THE ABOVE 5 TRUE:

e
Texas Instruments

ello, Tobias | Logout

onooe9ee

eca
e
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ks TExas INSTRUMENTS

products  Applicatons & designs  Tool Support & training  Order Now  About T1 Omyisory Ecat Oengish  Smy

Tl Request

You have been approved to receive this file.
Click "Download" to proceed.
n il

oDoes

o e

B o oo R weegeren

Figure A.15: step 5

6. Unzip motorware_[version].zip and run motorware_[version]_setup.exe

| !i] + | motorware_1_07_00_18 - ] *
Hame Share View 0
&« v 4 » ThisPC » Data (D:) » Texas Instruments » motorware_1_01.00 18 w| & Search motorware 1.01 0018 ©
Mame . Date modified Type Size
* motorware_1_01_00_18_setup 05/04/2017 18:30 Application 98.093 KB

1item f;‘:
Figure A.16: step 6

7. A security warning will pop up. Click "Yes”,

8. Click "Next”,
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43 Setup - MotorWare

Welcome to the MotorWare Setup Wizard

The Setup Wizard will install MotorWare 1_07_00_18 on your
computer. Click "Mext" to continue or "Cancel” to exit the

Setup Wizard,

< Back Cancel

Figure A.17: step 8

9. Accept the End-User License Agreement and click "Next”.

43 Setup - MotorWare

End-User License Agreement ¢

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation,

MotorWare Software License Lgreement

IMPORTANT PLEASE CAREFULLY RELD THE FOLLOWING LICENSE AGREEMENT,
WHICH I5 LEGALLY BINDINE. AFTER YOU BRELD IT, ¥OU WILL BE ASEED
WHETHEE YOU RCCEPT AND AGREE TO ITS TERMS. DO NOT CLICE I ACCEPT
UNLESS: (1) ¥OU WILL USE THE LICENSED MATERIALS FOR YOUR OWN
BENEFIT AND PERSONALLY e e L L I

Do you accept this license?
ent

< Back Cancel

Figure A.18: step 9

10. Select a directory to install to and click "Next”. (c:\ti\motorware is recommended). Make sure
the directory is in the same folder as Code Composer Studio.
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4 Setup - MotorWare — X

Installation Directory ¢

Please specify the directory where MotorWare will be installed.

Installation Directory C:"I._ti"-.,mrJtcmNar | ke

< Back Cancel

Figure A.19: step 10

11. Click "Next".

'@ Setup - MotorWare — ¢

Ready to Install @

Click "Mext" to begin the installation. If you want to review or change any of your
installation settings, click "Back”, Click "Cancel” to exit the wizard,

L = Back Cancel

Figure A.20: step 11

12. Wait for the installer to install MotorWare™.

13. Click "Finish”.
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4 Setup - MotorWare — X

Completing the MotorWare Setup Wizard

Click the "Finish" button to exit the Setup Wizard,

< Back

Figure A.21: step 13

A.3.3. C2000Ware
1. Go to http://www.ti.com/tool/C2000WARE.

2. Click the "Get Software button.

ki TEXAS INSTRUMENTS ~ =ur search a

Oumynisory Ecat @engish S mym

* Worldwide (in nglish)

C2000Ware for C2000 MCUs

(ACTIVE) C2000WARE
[D) pescription & Features [ Technical Documents B8 support & Training Order Now
Order Now

Part Nu Buy from Texas Instruments or Third Party AlertMe  Status

Key Document

6]

Description

Figure A.22: step 2

3. Click the link for the Windows installer.
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Omyrisory et @engish S mym

«Back to software product page

C2000Ware for C2000 Microcontrollers
C2000WARE_1.00.03.00

Release Date: 13 Dec 2017

1000300 184223

1000300 1802826

1000300 1820926

Supported Platforms

Platform  Supported Devices

Piccolo | F2802¢  + F2803

Figure A.23: step 3

4. Register a new MyTI account or log in if you already have an account. (Account as probably been
made before while installing MotorWare™).

Products  Applications & designs  Tools & software  Support& training  OrderNow  About T @Gt g Engish  TEmYT

myTl Account

Existing myTl user? New user?
Register for free:

{1 products and solutions with emails from myTl.

Figure A.24: step 4

5. You will need to fill out a U.S. Government Export Approval form to be able to download Motor-
Ware™. Select "Civil” in the application category, and select "Yes” at “I CERTIFY ALL OF THE
ABOVE IS TRUE:". Then submit the form.

About I Omytisory Wcat @engish S myn

Tl Request

To download or access: U.S. Government export approval:

Al

Required. Incomplete information wil be DENIED.

Tobias

Roest
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I certify that the following is true:

@ s subject
under the U.S. Commerce Departments Export Admiristration Regulai

(b)1am NOT located in Cuba, Iran, North Korea, Sudan or Syria. | understand these
are prohibited destination countries under the EAR or US, sanctions regulations,

(c)1am NOT listed on the Commerce Departments
< ntiy List. the

N0.3 11 Supp. 1 £0 EAR Part 736), orthe Treasury Departmen's
Designated Nationals.

enied Persons Lt the

F Specialy

(d) 1 WILL NOT EXPORT, re-EXPORT or TRANSFER this Software/Tool/Document to

entiy, "
licensels) or authorization(s) from the U.S. Government.

(€)1 will NOT USE or TRANSEER this Software/Tool/Document or use n any
ICAL or BIOLOGICAL WEAPONS, or MISSILE

unless suthorized by the U.. Government by reguiation or

()1 understand that count than s
use, or export 1 agree that we shall be
compliance with any such import, use, or export restictons.

-t
-

*171We take responsibility to comply with these terms.

i verslons
of the Export Administration Regulations and other U.S. export and
sanctions laws.

| CERTIFY ALL THE ABOVE S TRUE:

Texas Instruments

Doee
o]

meca
e

Figure A.25: step 5

6. Click "Download”.

&3 TEXAS INSTRUMENTS  cicntns + searcn a

Hello, T

[Ty e —

e Support&training  OrderNow  About i yhisory Wcart @ en

Tl Request

You have been approved to receive this file.
Click "Download” to proceed.

eive an emal with the fink o this il

oftware.help

Thank you.

[ ICN-NoN-¥- ]
o i

Seca
VEWSR

[—

Figure A.26: step 6

7. Run C2000Ware_[version]_setup.exe
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E] = | Application Tools ~ C2000Ware s O %
Home Share View Manage 0
L v M » ThisPC » Data(D:) » Texas Instruments » C2000Ware v O Search C2000Ware »
Mame - ~ Date modified Type Size
09/01/2018 11:42 Application 184.223 KB

% C2000Ware_1_00_03_00_setup

Titem  1item selected 179 MB

Figure A.27: step 7

8. Click "Next”.

A C2000Ware Setup

C2000Ware™
Software

Welcome to the C2000Ware 1.00.03.00 Setup Wizard

The Setup Wizard will install C2000Ware 1.00.03.00 on your
computer, Click "Mext" to continue or "Cancel” to exit the

Setup Wizard,

— ot

< Back

Cancel

Figure A.28: step 8

9. Accept the End-User License Agreement and click “Next”.
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43 C2000Ware Setup

End-User License Agreement b

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation,

C2000Ware L
Source and Okject Code Software License Agreement

IMPORTANT PLEASE CAREFULLY REARD THE FOLLOWING LICENSE AGREEMENT,
WHICH I5 LEGALLY BINDINE. AFTER YOU RERD IT, YOU WILL BE ASEED
WHETHER YOU RCCEPT AND AGREE TQ ITS TERMS. DO NOT CLICK I ACCEFT
UNLESS: (1) ¥OU WILL USE THE LICENSED MATERIRLS FOR YOUR OWN

BENEFIT AND PERSCHNALL % LEREE INTEND T{ BE BOUND BY ¥

@ la

ccept the agreemen

Do you accept this license?

Figure A.29: step 9

10. Select a directory to install to and click “Next”. (c:\ti\c2000 is recommended). Make sure the
directory is in the same folder as Code Composer Studio and MotorWare™.

43 C2000Ware Setup — X

Installation Directory k]

Please specify the directory where C2000Ware will be installed.

Installation Directory C:‘._ti‘-.,cll]l]l_ | 2]

< Back @ Cancel

Figure A.30: step 10

11. Click "Next”.
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43 C2000Ware Setup

Ready to Install

Click "Mext" to begin the installation. If you want to review or change any of your
installation settings, click "Back”, Click "Cancel” to exit the wizard,

. x

*3

< Back Cancel

Figure A.31: step 11

12. Wait for the installer to install C2000Ware.

13. If you don’t want to view the C2000Ware directory, deselect the box. Click “Finish”.

43 C2000Ware Setup

C2000Ware™
Software

— ot

Completing the C2000Ware Setup Wizard

Click the "Finish" button to exit the Setup Wizard.

[l oo you want to cpen the C2000Ware installation
directory?

< Back . Cancel

Figure A.32: step 13

A.4. Hardware configuration

1. Before connecting the LAUNCHXL-F28069M to anything, the settings of the board need to be
changed. For this manual the board should be configured as follows [27]:
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Figure A.33: The location of the jumpers and switches on the LAUNCHXL-F28069M

¢ Remove the jumpers from JP1 and JP2 to isolate the USB power from the rest of the board.
The chip will be powered through the BoosterPack, but can still be programmed using USB.

e Set the switches on S1 to ON-ON-ON.
e Put the jumpers on JP3, JP6 and JP7.
e Jumpers 4 and 5:
— Put the jumpers on JP4 and JP5, to use only the bottom BoosterPack headers 15-18.
— Remove the jumpers on JP4 and JP5, to use only the top BoosterPack headers J1-14 or

using both BoosterPacks J1-]J4 and J5-]8.

The BoosterPack will be connected to J1-]J4 so remove the jumpers from JP4 and JP5.

2. Connect the BOOSTXL-DRV8301 to the LAUNCHXL-F28069M, with the connections on the same
side as the USB-port.
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Figure A.34: The BOOSTXL-DRV8301 connected to the LAUNCHXL-F28069M

3. Connect the motor cable to the cable with smaller connections

Figure A.35: The cable connection, the small hook clicks in place.

4. Connect the motor phase cables to the BOOSTXL-DRV8301. The green cable does not need to
be connected, the other three can be connected in any way.
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Figure A.36: The phase cables connected to the BOOSTXL-8301. The green cable should not be connected.

5. Connect the DC power cables to the BOOSTXL-8301.

Figure A.37: The DC power cables connected to the BOOSTXL-8301.

6. Connect the DC cables to the power supply, and connect the LAUNCHXL-F28069M to your PC with
the USB cable.
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Figure A.38: The LaunchPad/BoosterPack combo with everything connected.

If you want to work with one motor first to get familiar with the hardware and soft-
ware, continue with step 7 and then appendix A.5. If you wish to get started on the
simulation set-up with multiple machines right away, go to step 8.

7. Fasten the Teknic Hudson M-2310 motor to the table using a clamp. Then continue with ap-
pendix A.5 and follow the InstaSPIN manual from there.
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Figure A.39: Make sure the motor is clamped to the table firmly.

8. Repeat step 1-6, connecting the BoosterPack to the same power supply as the first one.

Motor

USB

Load

USB

v

20V DC

Power
Supply

Figure A.40: A schematic representation of the simulation set-up which shows all the connections.

9. Find the Ruland Oldham coupling from the 2MTR-DYNO Kkit.
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Figure A.41: The coupling used to couple the motors

10. Take it apart in two parts, one end, and one end with the middle part attached.

Figure A.42: The coupling in two pieces.

11. Make sure the motors are aligned 90 degrees from each other.
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Figure A.43: The motor shafts should have a 90 degree angle.

12. Put the end of the coupling over the motor shafts. Do not shove them to far on the shaft, but
rather leave them a bit over the edge.

Figure A.44: The motors with the coupling parts over the shaft.

13. Place the two motors in the frame mount, make sure the coupling connects.
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Figure A.45: The coupling is inside the frame mount.

14. Screw the motors to the frame mount with the eight screws.

Figure A.46: Fasten the motors to the frame mount.

15. Make sure the coupling is pressed together well, and fasten the screws of the coupling through
the hole in the frame mount.
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Figure A.47: The motors connected.

A.5. Getting started

A.5.1. Checking the drivers
After all the software is installed and the hardware is set up, we can take a look at actually programming
the LaunchPad. To make sure it works, check the drivers:

1. Make sure everything is connected and the DC power supply is on.
2. Click the settings icon in the Start menu.
3. Go to Devices.

4. If the drivers are correctly installed, a device will be shown under "Other Devices”

Other devices

Iil Texas Instruments Inc.XDS100 Ver 2.0

Figure A.48: If this device shows up the driver has been installed correctly.

5. If this device doesn’t show up, something has probably gone wrong during the installation of
Code Composer Studio. Try re-installing (appendix A.3.1).

A.5.2. Starting with MotorWare™
This section will show where to find the lab manual in MotorWare™, as this can be quite difficult when
there is no prior experience with it.

1. Run Code Composer Studio (In the Start menu it's in the "motorware” folder).

2. A security wrning will pop up. Click "Yes".
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3. The MotorWare™ home screen will show.

& Tl Resource E [m]
File
Devices: | All Topics: | All ’GD\ = =
enter search keyward Address: | ~|
> & InstaSPIN-FOC
4 leetsSPIMMOTION MotorWare™ Software
T Drivers
B Modules MotorVWare™ is a cohesive set of software and technical resources designed to minimize motor control
Resources system development time.
& ccs From device-specific drivers and support software to complete system examples and technical training,

MotorWare™ provides support for every stage of development and evaluation.
MotorWare™ software has been developed to enable easy integration of best-in-class motor control techniques.
The software has been designed to enable:

* Modular and portable across MCU, power electronics and control technigues

* Object Oriented software design
+ APl based |

Figure A.49: The MotorWare™ home screen

4. The manual explaining the InstaSPIN™ labs can be found under “"Resources” -> “Training: User’s
Guide, Labs, Tutorials” -> "“InstaSPIN Projects and Labs User’s Guide”.

() Tl Resource Explarer - MotorWare - O X
File
A 1
: - 2
Devices: All Topic: il T \'D _)
enter search keyword Address: -1
& InstaSPIN-FOC ~l
& InstaSPIN-MOTION |
1 Drivers
B Modules Tl Spins Motors
v Resources
@ InstaSPIN Website ¥ Rasm
% LaunchPads
% controlCARDs . " :
0 fnverters InstaSPIN Projects and Labs User’s Guide
®P Technical Reference Manuals
~ ® Training: User's Guidles, Labs, Tutc
@ InstaSPIN-FOC and InstaSPIN InstaSPIN-FOC & InstaSPIN-MQOTION for
5] InstaSPIN Prjectsand Labs U F2802xF, F2805xF, F2805xM, F2806xF, F2806xM
(== InstaSPIN Projects Setting Use
(= InstaSPIN Projects Additional Version 1.0.16 Motor Solutions
@ Revision History
we CCS 2
Product Qverview
Both InstaSPIN-FOC and InstaSPIN-MOTION are sensoriess or sensored FOC solutions that identify,
tune and control your motor in minutes. Both solutions feature:
+ The FAST unified software observer, which exploits the similarities between all motors that use.
magnedic flux for energy ransduction. The FAST estimator measures rofor flux (magnitude and
angle) in a sensorless FOC system
= Automatic torque (current) loop tuning with option for user adjustments
« Automatic or manual field weakening and field boosting
« Bus voltage compensation
InstaSPIN-MOTION combines this functionality with SpinTAC™ components from LineStream
Technologies. SpInTAC features
= A d\slulban[&re]ecl\n; speed and pDS\th controller, which proactively estimates and
compensates for system erors. The controller offers' single-parameter tuning that fyplcally works
over the entire operating range.
- Tn}ectary planmng mreasy des»gn ;md execut\on ofcomp\ex motion sequences (Note: this 7
ovar InetaRRIN_EOC and InctaSRINMATION
< >

Figure A.50: Here the lab manual for InstaSPIN™ can be found.

A.5.3. Starting with Code Composer Studio
Now we can start using Code Composer Studio to program our MCU and control the motor.

1. Run Code Composer Studio (In the Start menu it's in the “Texas Instruments” folder).
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2. A window will appear asking for the workspace directory.

e
ko E SE Launche

Select a directory as workspace

Code Composer Studio uses the workspace directory to store its preferences and development artifacts,
L

Workspace: | Ch\Users\Tobias\workspace_v7 ~ Browse...

| []Use this as the default and do not ask again

» Recent Workspaces

Figure A.51: This window shows after you run Code Composer Studio.

3. Change the directory to the main MotorWare™ direction (if you followed the instructions from
appendix A.3 the direction will be C:\ti\motorware\motorware_[version]). Then click “OK".

v« Eclipse Launcher
Select a directory as workspace

Code Composer Studio uses the workspace directory to store its preferences and development artifacts,

Workspace: | Chtivmotorware\motorware_1_01_00_18 v| I Browse...

[] Use this as the default and de not ask again
» Recent Workspaces

Cancel

Figure A.52: Change the directory and click "OK".

4. The home screen of Code Composer Studio will show. Here there are several quick start options,
such as introduction videos and a link to the wiki.

69
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%% motorware_1_01_00_18 - CC5 Edit - Code Composer Studio

- ] x
File Edit View Navigate Project Run Scripts Window Help
L B RIR R 2 B B G [uick Acces| | g | [
‘m | @ Getting Started 3 [N S
[
i New @é} Browse @ Import - ) App
= @ Project . Bxamples Project v Center

(Add Features)

Would you like to use CCS in 'Simple' mode? © Yes @ No
{Recommended for Energia and LaunchPad users)

= 13 Getting Started with Code Composer Studio v7

e
[ty P S ——

Yo s L oy e - Lot M 9

o e

Wiki

. —
4 | ﬂ Sl;g?fr: @ Videos |@ Training :
Lormmunity ' i

@

Figure A.53: The screen Code Composer Studio shows when you first run it.

5. To get started on the InstaSPIN labs, click on “Import CCS projects...” in the Project menu.

% motorware_1_01_00_18 - CC5 Edit - Code Composer Studie

- El X
File Edit VWiew MNavigate Project Run Scripts Window Help
T B v NewCCS Project. [auick Access] || &5 | [
= ﬁ Mew Energia Sketch... :
o | @ Getting Started 32 Bomples.. e =8
= Build All Ctri+B
= Build Configuratians > Browse ~ Import g ) App
o Buikd Workiog oe: > | Examples Project Center
Clean... (Add Features)

ld you like to use CCS in 'Simple’ mode? ' Yes ® No
ymmended for Energia and LaunchPad users)

e = arted with Code Composer Studio v7
RTSC Tools . RLULR f g
“ Import Energia Sketch... g -seis resar i

vian AR

B, Import Energis Libraries...

s A U by b = ot Lt . B

Properties

Af) Support 4 : e
7 E!P Forum \ 1 Wiki
Community

: CrashReport/ob [ RS

Figure A.54: Click Import CCS projects... in the Project menu.
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6. In the window that pops up, click browse.

v+ Import CCS Eclipse Projects O x
Select CCS Projects to Import N
Select a directory to search for existing CCS Eclipse projects. f
-
(®) Select search-directory: | |
() Select archive file: Browse...

Discovered projects:

Select All
Dezelect All

Refresh

[ ] Automatically import referenced projects found in same search-directory
[ ] Copy projects into workspace

Open Resource Explorer to browse a wide selection of example projects...

@ Finish Cancel

Figure A.55: Browse for a search-directory

7. The location for the labs is C:\ti\motorware\motorware_[version]\sw\solution\instaspin_foc\boards
\boostxldrv8301_revB\f28x\f2806xF\project\ccs. Select it and click "OK".



72 A. InstaSpin™ manual

Browse For Folder *

Select root directory of the projects to import

v i, Windows (C) ~
> Intel
PerfLogs
> Program Files

Program Files (x26)

> ProgramData
Recovery
v ti
c2000
C2000Ware_1_00_02_00_Software
cesvy

controlSUITE
DRVE32x_EVM_BLDC_FW_1.0.0
guicomposer
b motorware
~ motorware_1_01_00_18
Jubrowser-data
.metadata
~mw_explorer
docs
eclipse
RemoteSystemsTempFiles
»: sw
docs
drivers
» ide
modules
v solutions
v instaspin_foc
A boards
W boostldrvd301_revB
v f28x
f2802xF
v f2806xF
A projects
b ccs
proj_lab01
proj_lab01b
proj_lablic
proi labl2a

Folder: —

| Make New Folder . Cancel

Figure A.56: Find the ccs folder, select it and click "OK”

8. The projects will show up in the previous window. Click "Select All”,
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%% Import CCS Eclipse Projects O oy
Select CCS Projects to Import N
Select a directory to search for existing CCS Eclipse projects.
-

(®) Select search-directory: | C:\ti\motorware\motorware_1_07_00_18\swh | Browse..

() Select archive file: Browse...

K selectan B

Deselect AH

Discovered projects:

|:|T:.| proj_lab01 [C:htvmotorware\motorware_1_01_00_18\swhso A
D'D proj_lab01b [Chthmotorwarehmotorware 1_01_00_18\swhs
|:|f_'.-| proj_lab01c [Chtivmotorwareimotorware_1_07_00_18\swh, |
|:|T:| proj_lab02a [Chtivmotorwareimotorware_1_07_D0_18\swhs [
|:|T_.'-| proj_lab02b [C:Ativmotorware\motorware 1_01_00 18\swhs
D'D proj_lab02c [Chtivmotorwareimotorware_1_01_00_18%sw!s
|:|'[:| proj_lab02d [CAtivmotorware\motorware 1_01_00_18\swhs
|:|T:| proj_lab03a [Chtivmotorware\motorware_1_07_00_18\swhs
|:|'|:| proj_lab03b [CAtivmotorware\motorware 1_01_00_18\swhs

sy

D'D proj_lab03c [Chtivmotorwareimotorware_1_01_00_18%sws

L,

A

Refresh

DD proj_labld [Chtimotorwarehmotorware 1_07_00_18\swhso
£ >

[ ] Automatically import referenced projects found in same search-directory
[ ] Copy projects into workspace

Open Resource Explorer to browse a wide selection of example projects...

® Finish il Cancel

Figure A.57: The projects are found. Click "Select All".

9. Click “Finish” to load the projects into Code Composer Studio. Make sure “"Copy projects into
workspace” is NOT selected.
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%% Import CCS Eclipse Projects O oy
Select CCS Projects to Import N

Select a directory to search for existing CCS Eclipse projects.

(®) Select search-directory: | C:\ti\motorware\motorware_1_07_00_18\swh | Browse..

() Select archive file: Browse...

Discovered projects:

T:l proj_lab01 [C:htvmotorware\motorware_1_01_00_18\swhso A Celect All
l:| proj_lab01b [Chthmotorwarehmotorware 1_01_00_18\swhs N
f_'.-l proj_lab01c [C:tivmotorwarehmotorware_1_071_00_18\swis | Deselect All

T:I roj_lab02a [Chtivmotorwarehmotonware_1_07_00 184 swis [
praj
D proj_lab02b [C:\tivmotorware\motorware 1_01_00 18\swhs
7 roj_lab02c [Chtivmotorwarehmotorware_1_01_00_18%=wis
praj
D proj_lab02d [CAtivmotorware\motorware 1_01_00_18\swhs
" roj_lab03a [Chtivmotorwarehmotonware_1_01_00_ 18\ swis
3 proj_lab03a [C:ti\mot t 1.01_00_18
D proj_lab03b [CAtivmotorware\motorware 1_01_00_18\swhs
! roj_lab03c [Chtivmotorwarehmotonware_1_01_00_18%=wis
& proj_lab03c [C:htimot t 1.01_00_1
D proj_labld [Chtivmotorwaremotornware 1_07_00_18\swhso
£ >

Refresh

[ ] Automatically import referencedibrojects found in same search-directory

[ ] Copy projects into workspace

Open Resource Explorer to browse a wide selection of example projects...

@ | _'_ [ conce

Figure A.58: Click "Finish to load the projects into Code Composer Studio.

10. All the projects will be loaded, and the home window will look like this.
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&% motorware_1.01_00_18 - CCS Edit - Code Composer Studio - 8 X
Fie Edt View Navigate Project Run Scripts Window Help

S% TS0 @GetngStned Do ==

= New ) Browse 5 Y Import g App
- &) = X
[ Project G Examples & / Project v Center

(Add Features)

Would you like to use CCS in ‘Simple' mode? © Yes ® No
(Recommended for Energia and LaunchPad users)

3. Getting Started with Code Composer Studio v7

5 proj lab21

AP Support Y . . & .
5'.,5,.’!,: Eatim > Videos \J Training x _);) Wiki

& proj_lab01 A3 [ C/Con Indexer: (3%) -

Figure A.59: The CCS home window with all the projects from the InstaSPIN labs loaded.

At this point the InstaSPIN manual found in step A.5.2 ([14]) can be followed to go
through all the labs. If you are only interested in using the simulation set-up as quick
as possible, keep following this manual. If anything is still unclear about any of the
labs, check [14].

A.6. Using the InstaSPIN labs

A.6.1. Using lab 2 for estimating motor parameters

1. Doubleclick on proj\ 1lab02a, then find the user\ j1.h file, located in includes ->
”“C:\ti\motorware\motorware 1 01 00 18\sw\solutions\instaspin foc\
boards\boostxldrv8301 revB\f28x\£2806xF\src” and double click on that. This will
open the file in a windows to the right.
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& mot

File Edit View Navigate Project Run Scripts Window Help

s BiR-iPifprid - iHEIY O

@ Project Explorer 53

5 proj_lab01c
fg projabza Actve - Reese] e
S 48 Binaries
v &) ncludes
(B v Thelsompll-- o 165175 e

B C/timotorvare/motorua
s B

B
£E

K

v

(5] user 2motors.
[ userjlh S
B userjsh

8] user motor_on jLh

8] user.mator_on jsh

8] user motorlh

8 user motor2h

8] user.mtron jLh

> [B) user_mtronjsh

> @ userh
> [0 wserlh
> [ usezh

> @ Release

> R adec

> (R d

> [ CodeStartBranchasm
cpuc

& dne30t.c

> L F28069F ram Ink.cmd

> (8 flash.c

> R gpioc

> Rbale

> [ oscc

> R piec

> phe

> [& projJebt2a.c

> @ pwme

> [Rpwec

> @ spic

> R timerc

> (& usDeley.asm

> [ usenc

> [ wdog.c

: FastSpinROMSymbols.ib

F28065F.cmd
= Qmathio
&l memCopy.c

[ TMS320F28069 xds100v2 commi

[QuickAceess) | 8 |[B%

Figure A.60: Double click on proj_lab2a and user_j1.h

2. Find the motor selection section (around line 219) and comment everything except
#define USER MOTOR Teknic M2310PLN04K

@

Fle Edt View Novigole Project Fun Scipts
ig BiR @it i REI G

5 Project Explorer 53
> 5 CAN RXLOOP
> 68 proj b0t
> ‘; pmJ_\abmb

i proj_hWZa Active - Release]
> Binaries
v _j\ Includes
(2 CifecsvTools/compilerfti-cgt-c2000_16 84 LTS include
€ Ct/motonvare/motorware_1_01_00_18

@ GettingStarted | wserj1h 32 =8
L#ifndef _USER 31t A
2 #define USER 31 M

/7 --COPVRIGHT
o (np,’xgh( (t) 2012, Texas Instruments Incorporated
rights reserved
Redistribution and use in source and binary foras, with or without
modification, are permitted provided that the folloving conditions
« Redistributions of source code must retain the sbove copyrigh
notice, this 1ist of conditions and the following disclaine
* Redistributions in binary for must reproduce the above copyright
notice, this 1ist of conditions and the following disclainch in the
documentation and/or other materials provided with the distribution
ettt e rom of Tos Snstuness Sncoporstd re e s of
i€ contributors nay be used to endorse or promote products derived
Trom this, softuarc vithost specific prior witten pormisaian:
SOFTUARE TS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS °AS I
23 © AiD Al DXORESS on THPLIED LARMAITIES, TUCLUDTIG LnTTeD To,
© IAARAITLES OF RERCHATASILITY MO FITESS 108 & PARTICULAR
T SHALL THE COPYRIGHT OWER OR
, INDIRECT, TNCIDENTAL,
(iNcLDING, 'sUT NoT LTNITED T
- OATA, OR PROFITS;
- INTERRUPTION) HOMEVER CAL: v oF L1seILIT,
- CONTRACT, STRICT LTABILITY, OR TORT (INCLU
- ISING TN ANY 1AY o
ne £ O THE posSIE:
33 % <-/COPYRIGHT--*/
S
35/71 \file Jinstaspin_foc/boards, src/user_j1.h
36771 \orkef Containg the pubTac Interface for veer intti - the CTRL, FAL, and EST modules
27/
38//1 (C) Copyright 2012, Texas Instruments, Inc
3
m | \defgroup UsER useR
P
s
s
SLifdef _cplusplus
52 extern T {
53 hendif
s
557/
56// the defines
$8//1 \brief CURRENTS AND VOLTAGES
597/ v
éo | wiisble Smatinsert | 1:1
c o - 8 x

[avidcacees] | 15 | (@4

v =0 (@eegsaned B uweriin 3 =B

> B
vis
> B user_2motorsh
> [ userjth
5 B userjsh

> [ user motor_on jL.h
B user_motor_on j5h
[ user_motorl.h

B user_motorzh

[ user_mron jih
[B) user_mtr_on jSh
@ userh

[ userth

> [ useh

> @ Release

> [@odec

> [& ke

> [& CodeStertBranch.asm

> Lix F2069F_ram Ink.cmd
> [& flashic

> [ gpioc

> [ hale

> Rosce

> [ projsboa.c

> [ pwmc

> [& pwre
&

> R timerc
> [§ usDelay.asm
> [@ userc
> [ wdog.c
i, 26064Rev8._FostSpinROMSymbols b

@ Fe06dF.cmd
= Qmath o

& memCopy.c

(2] pro btz

o TMS320F28065, s 100v2.ccaml

205 #define Tamagawa_AG100 103
206 sdefine Teknic paatopLIGAC 104
207 #define Drone_A2212_1000KV 165
225 sdeFine Drane-AZo13 960KV 106
209

210// 1PN motors
77 3wt proytdes stparans Lo

e tre th user or )dent)heﬂ average Ls
s Belt.Drive Macher

#define Anshein_Salient 2

1/ ACTH mot

FdeFine Marathon_ SK336124 01

| \orief Uncoment the motor which should be included st compile

f D settings and motor parameters are then available to be used by the control syster

deal set(mg‘ and paromters are identified update the motor section here so it 1s available in the binary code
P2,

JOTOR Marathon SK33GNSA
TOR Anahein, Salient

/1 Wane must match the motor #define
e O e L L e e

7/ PATRS, not total poles. Used to calculate user RPH from rotor

7/ Induction motors only, else NULL

/1 Tdentified phase to nestral resistance in 3 ¥ equivalent circuit (o, float)

U TS e e

S e sl e e e

77 Toenttt108 TOTAL {1 1icsage bemmeen. she rotos and the sesvor. (V/Hz)

7/ Tnduction motors only, else NULL

7/ buring Motor ID, maximum current (Amperes, float) used for Rs estimation, 10-20% rated current

7/ buring Motor 0, maximum current (negative Amperes, float) used for Ls estimation, use just enough to
7/ CRITICAL: Used during I0 and run-time, sets a limit on the maximum current command output of the prov
11 buring totor T0, maximum commanded speed (Hz, float), ~10% rated

#idefine USER_MOTOR R L)
#define USER_MOTOR Rs 0.4110007)

#idefine USER_MOTOR_Ls_d (0.0007092811)
#define USER_MOTOR_Ls_q 0.0007092311)

X (0.03279636)
#define USER_MOTOR_MAGNETIZING_CURRENT (NULL)

5 #define USER_MOTOR_RES_EST_CURRENT 1.0)

55 #define USER_MOTOR_TND_EST_CURRENT (-1.0)

7 #idefine USER_MOTOR_MAX_CURRENT (5.9) v
< >

|| wiitable Smartinsert | 1

Figure A.61: Uncomment the Teknic motor and comment the other ones

3. Inthe sections where the motors are defined, make sure the Teknic motor is defined as in fig. A.62.
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&% motonware_1_01.00_18 - CCS Edit - C:

101003
Fle Edt View Navigite Prject Run Scipts Window Help
IB-ERIBIR iRk S iRES G D
[ Project Bxplorer 53

> 5 CANRXLOOP

F%V=Ei

BB

£ proj sbo1c
v f"’  proj lab02a [Active - Release]
S 48 Binaries
v 5l Includes
> (B Giti/cesyTtools/comple/t-cgt-c2000_168.4LTSinclude
B Cit/motorvare/motorware 1.01.00.16
s B

v

) 0100,

) user 2motorsh
8] wserjih
[ werjsh

[B) user_motor_on jL.h
[ user_motor_on_jsh
8 user motorlh

B user_motorzh

[ usermtron jTh
B user_mtr_on jSh

> B userh
[ userth
> B useizh
> @ Relesse
adec
> [ ke
> [ CodeStartBranchasm
> [ cpuc
> [& dnaotc
> L F28069F ram Ink.cmd
> [ floshic
> [& gpioc
> Rhole
> @ osec
> Rpiec
> phe
> [& projlebt2a.c
> G pwme
> [ pwre
> [ spic
> [ timerc
> [ wsDelay.sm
userc

= ZMGKRzuB FlslSmeOMSymbn\s lib

= \Qﬂ\n!h o

% Thisaorze06  xds100v2.ccmi

(jLh - Code Comp

(@ GettngStanied B “userjih 77

USER_MOTOR_FLUX_EST_FREQ_Hz

IPD_HFI_EXC_FRE
IPD_HFI_LP_SPD_FILT HZ
\e IPD_HFI_HP_IQ_FILT AZ
PD_HFI_KSPD.
TPD_HFI_EXC_MAG_COARSE_PU.
TPD_HFI_EXC_MAG_FINE_PU
TPD_HFI_EXC_TINE_COARSE_S.
e TPD UL EXCTINE FING S
AFSEL_FREQ_RIGH
AFSEL_FRE I.W 5
AFSEL_TQ_SLOPE_EST
AFSEL_TQ_SLOPE_HFT
ESEL_TQ_SLOPE_THROTTLE Dl

rseL_nxQ ReF T

&

ISER_MOTOR
USER_MOTOR_TYPE
USER_MOTOR_NUM_POLE_PATRS
USER_MOTOR_Rr
USER_MOTOR_Rs

USER_MOTOR Ls_d
USER_HOTOR L.
USER_MOTOR_RATED_FLUX

USER_MOTOR_RES_EST_CURRENT
USER_IOTOR_IND_EST_CURRENT
USER_MOTOR_MAX_CURRENT
USER_MOTOR_FLUX_EST_FREQ_Hz

USER_MOTOR_MAX_(
USER_MOTOR_FLUX_EST_FREQ_Hz

USER_MOTOR
USER_MOTOR_TYPE
USER_MOTOR_NUM_POLE_PATRS
USER_MOTOR_Rr

25 #define

= Teknic_M2310PLNO4K)

USER_IMOTOR_MAGNETIZING_CURRENT

= Marathon_SK33GH24)

Figure A.62: Click "Finish to load the projects into Code Composer Studio.

4. Open the Scripting Console from the view menu

@

18- CCS Edit - C

File wigste Project Run Scripts Window

et el
109w () O Resource Bplorer ——
@ Resource porer Classic
[y Project
> o B
@

Grace Snippets
Getting Started
€CS App Center

> §8 pro,
GUI Composer™ >
Project Explorer
Problems AltsShift+Q, X
AltaShifteQ C
|5 Advice [hal/boards/boostidne301_rev8/f28x/f2806x/src

{ instaspin_foc/boards/boostdn8301_revB/f28 12806 src

lude

Console.

Debug
Memory Browser

Registers

Bxpressions.

Variables AltsShift+QV

Disassembly.
Breakpoints
Modules

Alt+Shift+Q, B

Terminal
Scripting Console
Terget Configurations
Outline Al Shift+Q, O
Stack Usage
Memory Allocation
Optimizer Assistant
Other..

AltsShifteQ.Q

> [ wDelayasm
> [ userc
> [ wdogc
=& 2606Rev8_FastSpinROMSymbols b
=
= Qmath o
& memCopy.c
(2] projab02a s
5 TMS320F28089 xd100u2.ccxml

069F cmd

Figure A.63: Step 4

(j1.h - Code Comp:

@ GetingStated | “usecj1h 12
392 #define AFSEL_TQ_S X
355 bdefine

AFSEL_TQ_SLOPE_THROTTLE_ DMl
AFSEL_MAX_TQ_REF_EST
AFSEL_MAX_TQ_REF_HFT

USER_MOTOR == Teknic_M2310PLN0d)
USER_MOTOR_TYPE
\e USER_MOTOR_NUM_POLE_PAIRS

409 deFine USER_HOTOR_FLUX_EST_FReQ bz
o wenae

2 #define
3 #define
414 #define
#define
415 #define
417 #define
415 #define
419 #define
420 #define
421 #define
422 #define
423 #define

USER_MOTOR == Belt_Drive_Washer.
USER_MOTOR_TYPE
USER_MOTOR_NUM_POLE_PATRS.
USER_MOTOR Rr
USER_MOTOR_Rs
USER_MOTOR_Ls_d
USER_MOTOR_Ls_q
USER_OTOR_RATED_FLUX
USER_MOTOR_MAGNETIZING_CURRENT
USER_MOTOR_RES_EST_CURRENT
USER_MOTOR_IND_EST_CURRENT
USER_MOTOR_MAX_CURRENT
USER_MOTOR_FLUX_EST_FREQ_Hz

425 #elif (USER_MOTOR == Marathon_SK33GN2A)

USER_MOTOR_TYPE
USER_MOTOR_NUM_POLE_PATRS
USER_MOTOR Rr
USER_MOTOR_Rs

USER_MOTOR Ls_d
USER_MOTOR _Ls_c
USER_MOTOR_RATED_FLUX

USER_MOTOR_MAGNETIZING_CURRENT
USER_MOTOR_RES_EST_CURRENT
USER_MOTOR_IND_EST_CURRENT
USER_MOTOR_MAX_CURRENT

437 #define USER_MOTOR_FLUX_EST_FREQ_Hz

239 relse.

240 rerror No motor type specified

241 endif

223 pifdef _cplusplus

245 gendif // extern "C"

1/8) /1 ingroup
443 endiF // end of _USER_I1H_
449
as0

<

definition

- 8 x
[Quick Access] | 1% | (Bl %
==
7 ~
0.1215855)
(0.0002298325)
(0.0002298525)
(0.04521303)
L
2.0) /1 Enter amperes(float)
“0.5) 77 Enter negative anperes (float)
(10.0)
(20.0)
(750.0) /1 excitation frequency, Hz
(35.0) 77 lowpass filter cutoff frequency, Hz
10. 7 highpass filter cutoff frequency, Hz
15.0) /1 the speed gain value
0.13) /1 coarse TPD excitation magnitude, pu
0.12) /! fine 1D excitation magnitude, pu
o2 1/ coarse wait tine, sec max
e
®i015.0 / usth 10 Furs. ScALE Faza vy
Crataoso / USERIQFULL SCALE Qo))
(CI0((Float) (1.670.1/USER_TSR_FREQ_z)))
o i e e )
(CI0((Float) (1.0/0.05/USER TSR_FREQ_Hz)))
HOTOR Type_Pm
%
NULL)
nuLL)
NULL)
L)
L)
nuLL)
)
(-e.5)
.
Ly
2.532002)
0.0115)
0.0135
0.5022156)
ML)
1.0)
-1.0)
(a.0)
(20.0)
Name must match the motor #define
e BTl G e i Den 0 Bl s e s
/ PAIRS, not total poles. Used to calculate user RPH fro
(5 sos003) el e e S el i e v
>
o || witable Smatinset | 410:1
- 8 x
Quick Access| | 58 | (Bl
==
1.0/10.0/USER_TSR_FREQ_HE ~
( Ta(Flost 1. /0. G5/ vseR TSR FREGIED))
(C10(0.6))
[E00))
)
HOTOR Type_Pm
%
NULL)
nuLL)
NULL)
L)
L)
nuLL)
)
(-e.5)
(7.0)
(20.0)
-_1om)
HOTOR Type_Pm
2
Ly
2.532002)
0.0115)
0.0135)
0.5022156)
ML)
)
-1.0)
(a.0)
(20.0)
/7 Name must match the motor #define
}TOR_Type_Induction // Motor_Type_Pm (ALL Synchronous: BLOC, PHSH, SHPH, IPH) or Motor_Type Induction (Asynchronous AC
2 /1 PAIRS; not total poles. Used to calculate user RPH from rotor
5.503003) e el e
10.71121) // Tdentified phase to neutr: ivalent circuit (Ohms,
(0.05296533) e e
(0.05296583) // For Induction, Identified average stator inductance (Henry, float)
0.8165%220.0/60.0) // sart(2/3)" Rated V (ine-line) / Rated Freq (Hz)
1.378) // Tdentified magnetizing current for induction motors, else NULL
0.5) 71 During Hotor 0, maximun current (Amperes, float) used for Rs estimation, 10-20% rated current
L) /1 not used for inducti
2.0) /1 CRITICAL: TR i e S e e e e
5.0) /1 During Fotor 0, maximun comanded speed (Hz, float). Should always use 5 Hz for Induction.

| witabie Smotnsert | 410:1

5. From the scripting console, click on the folder icon to open a file.
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osec 432 #define USER_MOTOR_RATED_FLUX (0.8165°220.0/60.0) // sqrt(2/3)" Rated V (line-line) / Roted Freq (Hz)
> @ piec 2 Hictine USSR IOTOR_MAGNETZING_CURRENT (1.378) e
S e 2 Victine USER_MOTOR_ReS.EST CORRENT (0.5) U Oistim i s iy el et U M e = et
- I 3% bictine USCRMOTOR DO EST CURRENT (WD) s At
;R 2% Mdctine USER MOTOR HAX CORRENT (oo R e e D Vo
i < 5
dris
- @ sciping Console £1 #E 70
> B i Inittalizing .. (Completed) ToudSrpting Corsle Command Fleor IvaSt FIe
= joor
> @ wioge
24 2E06ReB FostSpnROMSymbolsis
s cmd
2 (Qmathib
B mamCopyic
3 e bnss
T TVS320r28088 1002 ool "
&

Figure A.64: Step 5

6. Go to the file location C: \ti\motorware\motorware 1 01 00 18\sw\
solutions\instaspin foc\src

Open File *

&~ v <« ti » motorware » motorware_1_01.00_18 » sw » solutions » instaspin_foc » src v Search src 2

e e,

Organize = Mew folder

UsinglLabs M Mame Date modified Type Size

= Dropbox Mo items match your search.
¢ OneDrive

B This PC
.. 3D Objects
B Desktop
Documents
{ Downloads
J\ Music
[&] Pictures
B Videos
i Windows (C:)
- Data (D)

& Network X

File name:

T-Comm and Files (*.cmd)

Figure A.65: Step 6

7. Check for JavaScript files, and open proj lab02a.
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W% Open File X
e v <« ti » motorware » motorware 1010018 » sw » solutions » instaspin_foc » src v O Search src el
Organize = New folder = I @
Usinglabs o MName Date modified Type Size A
§ Dropbox proj_lab01 22/03/2017 19:31 JavaScript File 1KB
. (2] proj_lab01b 28/03/2017 00:37 JavaSeript File 2KB
W OneDiree [Z] proj_lab01c 28/03/201700:37  JavaScript File 2KB
[ This PC proj_lab02a @ 22/03/2017 1%:31 JavaScript File 1KB
“J 30 Objects proj_lab02b 22/03/2017 19:31 JavaScript File 1KB
I Deskt proj_lab02c 22/03/2017 19:31 JavaScript File 1KB
esktop =
D proj_lab02d 22/03/2017 19:31 JavaScript File 1KB
it =
SRR proj_lab03a 22/03/201719:31  JavaScript File 2KB
¥ Downloads proj_lab03b 22/03/201719:31  JavaScript File 2KB
D Music proj_lab3c 22/03/2017 19:31 JavaScript File 2KB
[&] Pictures proj_lab04 2/03/201 N JavaScript File 2KB
B Videos proj_lab04a 22/03/2017 1%:31 JavaScript File 1KB
i Windows (G proj_lab03a 22/03/2017 19:31 JavaScript File 2KB
-
Data (D) proj_lab03b 22/03/2017 19:31 JavaSeript File 2KB
ata .
o 2| proj_lab05g JavaScript File 2KB
wil Netwnrk ¥ [Z nrni 1aknsk 22/MRIT 1728 Iawaterint File
File name: |

Figure A.66: Step 7

8. The watch window will open in the top right.
while running the motor.

Here you will be able to monitor and change values

&% motonware_1_01.00_18 - CCS Edit - C: 10100,

Fie Edt View Navigate Project Run Scripts Window Help
N RIBIR D i 5 G D e

2 Projct Bplorer 57
> 5 proj Iabotc
< 2 proj Isb02a Active - Release]
> 4 Binaries
© 5 Includes
> (B Citi/ccsyTtools/comple/ti-cqt-c2000_159.4 TS include
 Cyt/motonvare/motonware_01.00_16

e (jlh - Code Comp

B% Y= 0| 6 bpresions 2

A Name
4 *gMotortars
3 "gMotorvars UserErrorCode”
Y *gMotortars. Ctlersion”
X4¥ *gMotorvars Flag_enablesys"
% Add new expression

> B 2 1.01.00_1 X
vEC - 1.01.00. f
> [Nl user_2motorsh
> [ userjth
[ userjsh

8 usermotor on jLh
[B) user_motor_on_j5.h
[ user-motorlh
8 user motor2h
[ usermtcon j1h
[ user mtron jsh
B userh
B werlh

> [ userh
> G Relesse
> [@odec
dke
CodeStartranch.asm
> G cpuc
> (& dna0tc
> Li F28069F ram Ink.cmd
flshc
gpio.c
> Rhele

piec
pllc
proj_lab0Za.c

E.

[ usDelay.asm
> [ userc

& wdog.

"5 TMS320728068 s 100v2.caml
» 2 projlsbozb
S proj lsboze
> 5 projlabo2d

[ GettingSteried B “userj1h 53 [3) proj lab02ac

B Console 52
No consoles to displey at thi time.

B file/c: 1.01.00.

Figure A.67: Step 8

9. Click the debug button

Value

4 B v = 0 g sitingConsole 5T

Initializing ... (Completed)

oadIsFile

- 8 x

[QuickAceess) | 8 |[B%

8% X%|ef =0

= a
= cric b el —— =
1if (USER_MOTOR —= Teknic_MZ310PLIGSK)
pe OTOR _Type_pm
9 deFine USER_HOTOR W_POLE_PAIRS ®)
(nuLe)
(i)
\e USER_MOTOR_Ls_d (nLL)
X (i)
e (it
205 #define USER MOTOR MAGNETIZING CURRENT (NULL)
495 #define USER_MOTOR_RES_EST_CURRE o)
07 #define USER MOTOR_TND_EST CURRENT  (-0.5)
295 #define USER_MOTOR_MAX_CURRENT (7.0)
409 #define USER MOTOR_FLUX EST_FREQ Hz  (20.0)
10
411 HEEF (USER_MOTOR == Bel_Drive_Washer_TPH)
412 #define USER_MOTOR TYPE HOTOR _Type_pm N
>

Memk =0

10100,

proj_labeza.

iirapped org.eclipse. swt.SuTException: Failed to execute runnable (TypeError

Cannot call method "setActiveFormat” of null

(C:\ti\ccsv7\eclipse\configuration\org. eclipse.0sgi\366\0\. cp\script\expressionVi

eu.jae3)

)
(C:\ti\ccsvr\eclipse\configuration\org. eclipse. 0sgi\366\0\. cp\script\expressionVi

eu.je9)
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% motonware 1.01.00_18 - CCS Edit - C 10100 (jLh - Code Compe - 8 X

File Edt View Navigate 0 Scipts Window  Help
T . i Quick Access| | 58 | (@]
& X%|raef =0

&
]

[ Project Bxplorer 53 BE® ¥ = 0| éf bpresions 3
£ projab01c A Neme Value
v 2 proflabaza [Acive - Relese] 8 ittt
2 Binaries s 9
gMotorVars UserEmorCode
v &) Includes

Motorlrs Cteson’
(B Citi/ccsvTftools/compiler/ti-cgt-<2000_ 1634 LTS include s
% Citimotorvare/motorvare 10100 .

& Add new expression

v 21.01_00_1 f e
) user 2motorsh
B wserjih
B userjsh
5 B usermotor on jLh
[B) user_motor_on_js.h [ Getting Started ) "userj1h 52 [ projlab02a.c =n
> [ user motorlh D> #UCTANE ATSCL_FA g NEF_frd e .
& g o7 elif (USER_MOTOR
B user mir_on j
[ user mtron jsh ine USER_MOTOR_NUM_POLE_PAIRS

Teknic_M2310PLNO2K)
pe HOTOR_Type_Pm
(a

(oL

2 #define USER_MOTOR FLUX_EST_FREQ_Hz  (20.0)

4 F28069F_ram_Ink.cmd 411 Helif (USER_MOTOR == Belt_Drive_Washer_IPM)

& flsshc 412 #define USER_MOTOR TYPE HOTOR _Type_pm N
<

B Console 52 8 Scripting Console £ & G
G pec No consoles to disply at this ime. Initislizing .... (Completed)

loadisFile

. 101 00_ proj_labeza.

5

(@ pore Arapped org.eclipse. sut. STException: Fatled to execute runnable (TypeError

& spic Cannot call method “setActiveFormat” of null

B (Eei\cesurneclipsercontigurat tomorg. scLipse.osg1\366\0\cphscriptrenpressionit
e 35436)

3} usDeloy.asm (Ci\ti\ccsv7\eclipse\configuration\org. eclipse.osgi\366\0\. cp\script\expressionvi
en.5#39)
& wdog.c 5e
=& 2606Rev8_FastSpinROMSymbols b
& F2805F cmd
= Qmath o
[ projIsbozajs
5k TMS320F28089 xds100u2.ccxml
£ projlb02b
£ proj labizc
5 projabozd v

B fileyC: 1.01.00_1 X K rjlh ]

Figure A.68: The debug button is located in the top to the left

10. Enable real time (1), run the program (2) and allow continuous refresh in the watch window (3).
Expand the gMotorVars folder in the watch window.

% motorware_1.01.00_18 - CCS Debug - proj_lab02a/proj_lab2a.c - Code Composer Studio - 8 x
File Edt View Project Tools Run Scripts Window Help
O EH@iBin .2 RBIBYE-BOI-L @i R TIRit s Quick Access| | 5 | B %
45 Debug 57 T = B |00 Verisbles 6 Bxpressions 2 il Registers B % ] &% v=10o
v &% proj_lzb02a [Cofllcomposer Studio - Device Debugging] o— Type Value Add
Vi Jeas s c b el aMotorvars struct MOTOR Vars.t_ {Flag_cnableSys=0"400'Flag Run Identi C40@Program
il IR g MotorVars.UserErrorCode d; USER_ErrorCode_NoE: O0DACAF
] otorVars UserErrorCode enum <unnamed> rorCode_ NoError @Program
B _aigs malngh arge_main.c81 GOABAE & gMotoriars.CrVersion struct_CTRL Version_ {rsvd=0 targetProc=CTRL TargetProc_ UnknoW. x00ACS0@Program
£ c.int00 B:sce01 (ANIAGER (e enksy powit was reactied.) 09+ gMotorVars.Flag_enableSys. unsigned char 000" (Decimal) Ox00AC40@Program
(O/CLAC Unknown) F
% Add new expression
[ Getting Started ) userjlh (3] proj lab02sc 52 e
s 131 s
B Console 3 LBl @ L M B = O @srptingConsole 5 [£ Problems. e =0
COT Build Console [projlab02a] Initializing .... (Conpleted)
“+++ Build of configuration Release for project proj_labeza =+ 351> loaddsFile "C:\td 1 01_00,_ fons\d _foc\sre\proj_labeza.js™\
rapped org.ecLipse. sut. SHTException: Failed to exacute rumnable (TypeError: Cannot call method "setActiveFormat” of null
\Ei\\cesv7\\utils\\bin\\grake” -k a1l (C:\ta 3 Tipse.05g1\366\0\. cp\scriptiexpressionvien. s436))
‘Building target: proj_laba2a.out’ (C:\ti\cesv7\eclipse\configuration\org. eclipse.0sgl\ 366\0\ . cp\script\expressionView. s#39)
‘Invoking: C2000 Linker’ 3so>
i, /compiler/ ) 16.9.4.1 " -v28 -ml -mt -02 -g --define=FAST_RON VIp6 --diag_warning=225

splay_error_nunber -z -m"proj_labo2a.map’
+/ti/2esv1/Tools/conpiler/ti-cgt -c2000_16.9.
i i isable_auto_rts
b02a. out" -1rts2600_ml.1ib
e

stack_size=2x380 --warn_sectior
LTS71ib" ~17C:/ti/ccsv7/tools/conpiler/ti-cgt-c2000_16.9.4.LT/include™
iag_suppress=16002 --xnl_link_info="proj_labb2a_linkInfo.xnl" --rom_nodel -o

1ib/32b,

0 oo Tomath. 1ib" ~.7c obi . /ade.obj" *./clk.ob
Jpueaby- - /rVE301.005" T /TIash.cb- --/gpi0-0b]" --/hal-obi -/ose.05]" "/pie-abi" -./pLl.ob" ./pre. iebeza.chy”
TowmabJ" = /purobi *+/5pieob3 *o/timerobj- -./usDelay.ob3" " user.ob3" °./udog.ob]

i) e o0 e k. dnd"

<Linking>
*Finished building target: proj_labd2a.out’

=== Build Finished ****

Figure A.69: Step 10

11. Check if the value show what you expect. For example, SpeedRef_krpm should show a decimal
number. Right-click the value and change the Q-value to 24.
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&% motorware_1_01_00_18 - CCS Debug - proj_lab02a/proj_lab02a.c - Code Composer Studio
File Edit View Project Tools Window ~ Help

i 0 @ 3.

Run

2R BIESE - DO

Scripts
g

Or-EB®

45 Debug 53
% proj_lsb02a (Code Composer Studio - Device Debugging]
I orc ‘ .

= main( at proj_lab02a. 131 0x00942F

= _args_main( at args_mein.c:81 000ABEF

= C_int00( at boot28.asm:261 G00ABEB ety ot s rexched
8 Teas | ICLAC

Unknown)

= Getting Started (8 projJsb02ac £

»131f

B "userjih

© Console 32
COT Build Console [proj_lab022]
=== Build of configuration Release for project proj_labdza ===*
‘C:\\ti\\cesv7\\utils\\bin\\guake" -k all
*Building target: proj_labo2a.out
*Invoking: C2000 Linker’

“C /e, /conpiler/t

1e 9.4.L vas
-warn_sections

-ml -nt -02 -g --definesFAST_ROM V1ps --diag warning=225

- 8 x
Quick Access] | 18 | B )
= = O [0 Variables |6 Expressions 52 | il Registers 0| XKP it v= 0
Expression Type Value Address
v (¢ gMotorVars struct_MOTOR Vars ¢_ {Flag_enableSys=0"\x00' Flag_Run_Identify=0".. 0:00ACA0@Program
@ Flag_enablesys unsigned char 0% 0X0ACA0@Program
- Flag_Run Identify unsigned char 0% CH00ACA1@Program
9 Flag Motoridentiied unsigned char 000 0X00ACA2@Program
- Flag_enableForceAng| unsigned char CH0ACA3@Program
@ Flag_enableFieldWeakening unsigned char C44@Program
- Flag_enableRsRecalc unsigned char CH00ACA5@Program
0 Flag_enableUserParams unsigned char CH00ACA6@Program
9 Flag_enableOfsetcalc unsigned char CH0ACAT@Program
Flag_enablePowerWarp unsigned char CH00AC48@Program
b Fog.erabipessc unsigned char CX0ACAI@Program
- Flag_en: unsigned char C4A@Progra
o F\lg_RunSt ate unsigned cher CH0ACABGProgram
b . enaiingtot unsigned char OH00ACAC@Program
b e enum <unnamed> CHO0ACAD@Program
o E enum <unnamed> CHO0ACIE@Program
e enum <unnamed> cérel
(8 Ctrlversion struct _CTRL Version_ 0X0ACS0@Program
@ IdRef A long CHO0ACS4@Program
0 IgRef A tong 0X0ACI6@Program
- SpesdRef_pu long 0 CH00ACSB@Program
(0 SpeedRef_krpm long 1677721 AOOACSARDnnram
@ SpeedTra kipm long ) Select All v
< 5 CopyExpressions crioc >
% Remove =g
% RemoveAl 2
Number Format >
| M B> O @ srtingConsole 53 [£] Problems. View Memory ek =8
Initializing .... (Conpleted) View Memory ot Value
Find... cuief
3 = 101
Mrapped org gmw vt SiTexception: Failed o exccute runnable (e Ao s 11
se.05g1\35
(: \ehees VI\eclipse\configuration\org. e:,\)pse 0sBi\366\0\ .cp\acriptiexp|  Dissble

jsi> Enable
Edit Watch Expression.

C:/tL Jjn 14k Q-Value(15) Add Global Variables...
*_/hal.obi" " obj" "./pll.cbj" "./proj_labd2a.obj" e Qlnhe Eporl

" ran_lnk.cnd"

<Linking>
*Finished building target: proj_labd2a.out’

=== Build Finished ****

Figure A.70: Step 11

12. First set Flag_enableSys to 1, then set Flag_Run_Identify to 1. This will run the motor identifica-

Breakpoint (Code Composer Studio)
Graph
Watch

&

tion. After the identification is done, the motor will start spinning normally.

5 motonware_1_01.018- CCS Debug - pr labi2a/proj lab02a.c - Code Compaser Stulio
£t View Project Run Scripts Window Help

BIES @ RBe-S e

File Tools

SO-H@igicu

45 Debug 12
% proj ab2a [Code Composer Studio - Device Debugging]
4 Tetas Instruments XDS100v2 USB Emulator_0/C28x (Running)
7y Unknown)
[ Getting Storted ) “userjlh (3 proj lab2ac 52
Wit
© Console 2 ¢ v B

COT Build Console [proj_lab022]
===+ Build of configuration Release for project proj_labdza ===+

-k all

\\ei\\cesv7\\utils\\bin\ \grake™
“Building target: proj_laboza.out
Invoking: C2000 Linker

€/t

1
stack_size ons
LLTS714

iag_suppres:

X380 --warn_sect:

-display_error_nur
-i%c

< /u/c:sw/twls/wmyuv/(l Zt-cao00.16.9.
-reread_libs ity --disable_auto_rts
prodLabozs.out -mszm L1t

ti/ccsv7/tools/conpiler/ti-cgt-c2000_16.9
--xnl_link_info="proj_labd2a_LinkInfo.xml"

i

1ib/32b,

1_ i i TQuath. 1ib”
raineoms = Tgpiora g - Ihn-abl - fose.05

" "./tiner.obj" "./usDelay.obj" "./user.obj

-“ram_lnk. cnd"

7 ob;
/p)e ab]‘ " /p1L.obj"
~Iwdog.

/drv83e1.obj"
o ob3” " /i k]

<Linking>
*Finished building target: proj_labd2a.out’

=== Build Finished ****

Figure A.71: Step 12

13. After the motor identification is done, copy the following values in the watch window to the

i o x
Quick Access] | 8 | B[]
= = 0 [ Veriables |67 Expressions 52 tE| e R%EriA|e =0
Expression Type Value Address L
sruct _MOTOR Vars.t_ {Flag_enableSys=1"0Flag_Run [dentity=1"... OQOACH0@Program
unsigned char ot 0M0ACH0@Program
unsigned char 1901 O00ACAT@Program
e €2 Sdbegan
unsigned char T OA0ACH3@Program
unsigned char 000 <
unsigned char 0v00 0A0AC5@Program
unsigned char w0 000ACA6@Program
unsigned char v OM0ACHT@Program
unsigned char 000 0X00ACAE@Program
unsigned char (33 OOOACA9GProgram
unsigned char 0u00 00ACHA@Program
unsigned char 000 00ACAB@Program
unsigned char 0u00 O0ACAC@Program
enum <unnamed> CTRL State_OnLine O0ACAD@Program
enum <unnsmed> £ST State R OMOACHE@Program
enum <unnamed> USER EtorCode Notrror CaF@Program
@ G sruct_CTRL Vrsion {rsvd=107 targetProc=CTRL TargetProc_ 2606,.. 0-00ACS0@Program
- IRl A long 0 0A0ACS4@Program
@ RefA tong ] OHOACS5@Program
- SpesdRef_pu long 00ACSE@Program
- SpeedRef_krpm long 1677721 OH0ACSA@Program
- SpesdTrs_krpm long O0ACSC@Program
< >
=B
@&k V=0

L M B = O @srptingConsole 5 [£] Problems.

Initializing .... (Completed)

2 e s
rapped org. eclipse. sut.Sif

A

1_00_
Fa)led o execute runnsble (Dostrese
(c:\ed s fonView. s#36))
(C:\ti\cesv7\eclipse\configuration\org. tcl,\psz eegi\356\B\. corecriptenpressionview. o833

Exception

" v28 -ml -mt -02 -g --define=FAST_ROM VIp6 --diag_warning=225

LTS/include”
del -0

./c1k.obj

/pro) Lobaza.s ob3"

i)

user 7j1.hfile: Rs, Ls_d, Ls_q and Flux_VpHz (the last one in RATED_FLUX).

35T
all method "setActiveFormat

null
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&% motorware_1_01.00_18 - CCS Debug - e 1.01.00_1 f Ir 1 j1.h - Code Compe — a X
File Edit View Project Tools Run Scripts Window Help
O-B@Bircue Bigs 8- DRRS-L &~ R-iGiRifs~if~ Quick Access) || 18 | 1 (55
45 Debug 52 T = B (= Varisbles € Expressions 03 Uil Registers B RREB| st =0
9 projlab02a [Code Composer Stucio - Device Debugging] P N Value Addiess "
W e EOCE iG] @ SvgenMaxModulaion ticks long 00 CH00ACE6@Program
LO/CLAL Unkricom) - Flu Wb long [ OACEB@Program
@ Torque Nm long 3 CH00ACEA@Program
float 00 00ACEC@Program
float 00 CHO0ACEE@Program
float 0358569977 CHO0ACTO@Program
float 00 CH0ACT2@Program
float 0000159890958 CHO0ACTA@Program
float 0000159890958 CH0ACTE@Program
float 00411460847 C00ACTB@Program
float 00 CH0ACTA@Program
@ ipd Kepd long 0 CH0ACTC@Program
@ ipd_excMag_coarse_pu long 0 CHOACTE@Program
- ipd_excMag fi long 3 CHODACBO@Program
@ ipd_waitTime,coarse float 00 CH00ACB2EProgram
@ ipd_watTime fine_sec float 00 CH0ACBA@Program
@ Kpspd long 3 CH00ACE6@Program
@ Kispd long 3 0A0ACEB@Program v
< >
[ Getting Started | ) “user j1h 33 | (4 proj lab02ac =
et anE AT e g KEr_rk o)) =
e1if (USER_MOTOR == Teknic_MZ310PLNGAK)
define USER HOTOR TYPE HOTOR Type_Pm
defi S
et il USER_HOTOR Rr
defis
defis
defis
def ik
defin
defin
define USER_MOTOR_IND_EST_CURRENT  (-0.5)
define USER_MOTOR_HAX_( (7.0)
define USER_MOTOR_FLUX_EST_FREQ Hz  (20.0)
e11f (USER_MOTOR == Belt Drive Washer_T?H)
412 #define USER_MOTOR_TYPE 1OTOR _Type_pr|
413 #define USER_MOTOR_NUM_POLE_PAIRS ) v
B Console 2 ¢ o5 BEEE| B 0= 0 @sitngConsole 2 [ Problems M&& v=0
COT Build Console [proj b02a] Initializing .... (Completed)
** Build of configuration Release for project proj_lab2a *=** si> loaddsFile "C: . 1 01 00_1 j_1abe2a. 5™
iirapped org. eclipse. sut. SHTException: Failed to exccute rumnable (Type:

Cannot call method "setActiveFormat” of null
3

(C:\ti\cesu7\eclipse\configuration\org. eclipse.0sgi\366\0\ . cp\scriptiexpr
(C:\ti\ces: p fi Lipse.osgi\366\0\. cp\script\expres:

" v28 -ml -mt -02 -g --define=FAST_ROM VIp6 --disg warning=225
rn_sections

C:/ti/ccsv7/tools/conpiler/ti-cgt-c2000_16.9.4. LTS/ include”

002 --xnl_link_info="proj_lab02a_LinkInfo.xml" --rom_nodel -o

Viitable Smartinset | 412:54 &

Figure A.72: Step 13

14. When the motor identification is done and the values are copied to user\ j1.h the program
can be stopped and the next part of this manual can be followed.

A.6.2. Using lab 4 for the torque load

Running lab 4 works essentially the same as running lab 2, so only a few differences will be explained
here. It is assumed the motor parameters determined lab 2a are stored in user j1.h.

1. Double click on proj_lab04. This will set lab 4 as the active project.
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File Edit View Mavigate Project Run Script

s BiR-iPidsrig~

[y Project Explorer 12 B%
> [ CAN_RXLOOP
1% proj_lab01
5 1% proj_lab01b
5 (& proj_lab01c
5 1 proj_lab02a
% proj_lab02b
> {5 proj_labb2c
> {5 proj_lab02d
> {5 proj_lab03a

% proj_lab03b
v

> §% proj_labb3c
~ (& proj lab04 [Active - Release] @
i Binaries
5! Includes
> @ Release
[ ade.c
[ clarke.c

g clke
5[5 CodeStartBranch.asm
& cpuc
& ctrle
[ dnB301.c
> L F26069F ram _Ink.cmd
[ fitter fo.c
& flashc
[ gpio.c
> [§ halc
gy iparkc.
> lgy offset.c
[§ oscc
> [ parkc
(5 picke
[ piec
[ pllc
[ proj lab0d.c
[ pwm.c
[& pwe.c
[& spic
> [ svgen.c
R timer.c
& trajc
(% usDelay.asm
[y userc
5 wdog.c
i 2606RevB_FastSpinROMSymbols.lib
¥
=
& memCopy.c

proj_lab04 s
[ TMS320F28069_xds100v2.comml

md

o X

BB

Getting Started userjlh 53 [€) proj lab02a.c =00
] ] 2] proll

T BdetIne ArSEL_FKEQ HLGH PU
330 #idefine AFSEL_FREQ_LOW PU

391 #tdefine AFSEL_TQ_SLOPE_EST

392 #define AFSEL_IQ SLOPE HFI

393 Hidefine AFSEL_TQ_SLOPE_THROTTLE_DiN
394 #idefine AFSEL_MAX_IQ REF_EST

395 #idefine AFSEL_MAX_TQ REF HFI

395

(_LUC15.8 / USEK_LQ_FULL_SCALE_FKEQ HI))
(C10(10.6 / USER_TQ_FULL_SCALE FREQ Hz))
(C10((Float)(1.670.1/USER_ISR_FREQ_Hz)))
(_10((float)(1.0/10.6/USER_ISR_FREQ Hz)))
(C10{(loat )(1.6/0.85/USER_ISR_FREQ_Hz)))
(10(0.6))

(_10¢0.6))

397 #elif (USER_MOTOR == Teknic_M2I10PLNG4K)

398 #idefine USER_MOTOR_TVPE

399 #define USER_MOTOR_NUM_POLE_PAIRS

400 #idefine USER_MOTOR Rr

401 #idefine USER_MOTOR_Rs

462 #define USER_MOTOR_Ls_d

403 Hdefine USER_MOTOR Ls_

404 #define USER_MOTOR_RATED_FLUX

405 fidefine USER_MOTOR MAGNETIZING_CURRENT
406 #deFine USER_MOTOR_RES_EST_CURRENT
407 #define USER_MOTOR T
408 tideFine USER_MOTOR +
409 #define USER_MOTOR_FLUX_EST_FREQ_Hz

411 #elif (USER_MOTOR == Belt_Drive Washer
3

212 sdefine USER_MOTOR_TYP:
413 Hdefine USER_MOTOR NUM POLE PATRS
414 fidefine USER MOTOR Rr
z
a8 Scripting Console 33
Initializing .. (Completed)

st

HOTOR_Type_Pm
@)

(0.3918252)
(@.00023495)
(0.00023495)
(0.03955524)
(uuLL)

(1.8)

1PM,
HOTOR_Type_Pm

4)
(nuLL) v

fe& Y= 8

&
Figure A.73: Step 1
2. Open a different JavaScript file from the scripting console: proj_lab04.
X
+* <« ti » motorware » motorware 1010018 » sw » solutions » instaspin_foc » src v | O Search src =
Organize v Mew folder - @ @
UsinglLabs M Mame Date modified ~ Type Size il
5;" Drophbox proj_lab01 JavaScript File 1KB
: proj_lab01b JavaScript File 2KB
iR OneDine proj_lab01c /03, 0:37  JavaScript File 2KB |
[ This PC proj_lab02a 22/03/2017 19:31 JavaScript File 1KB
J 3D Objects 2] proj_lab02b 22/03/2017 19:31 JavaScript File 1KB
B Desktop 2 proj_lab02c 22/03/2017 1%:31 Javabcript File 1KB
o proj_lab02d 22/03/2017 19:31 JavaScript File 1KB
= it
[ Documents proj_lab03a 22/03/201719:31  JavaScript File 2KB
& Dovnloads proj_lab035 JavaScript File 2KB
J Music praj_lab03c JavaScript File 2KB
[&] Pictures proj_lab04 e JavaSceript File 2KB
B videos proj_lab04a JavaScript File 1KB
e indove o] proj_lab035a JavaScript File 2KB
. Data (D) proj_lab5b JavaScript File 2KB
2| proj_lab03g JavaScript File 2KB
= Network ¥ [Z] nrai 1ak0sk IauaSerint File 7 KR ¥ |
File name: | - .JavaScript Files (*.js) v
Open iv_ Cancel

Figure A.74: Open a different config file.

3. The torque of the motor can be changed in the expressions window using IgRef A (make sure
the variable is set to Q-value(24)).
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File Edit View Project Tools Run Scripts Window Help

mtd BErIlEneRBlEvE -POR-&é- 308849 B B

4 Debug 32 T = O (0 Varisbles 6 Expressions 57 | Hlf Registers 0| XBB| T ¥ =)
% proj_lsb04 [Code Composer Stuo - Device Debugging] r—— Toe e e z
~ o Texas Instruments XDS100v2 USB Emulator_0/C28cx (Suspended - SW Breakpoint) © (® gMotorVars struct_MOTOR Vars 1. {Flag_enableSys=0 "0, Flag_Run_Ident... 0x00BSE0@Program
= rosin) ot proj 1ab0A.ci135 GODADFE Flag_ensblesys unsigned char 0'u00’ x00B3E0@Program
atge.mam() abargs main cHLLO0BAGH lag_Run_dentify unsigned char 000 000BSE1@Program
= .int000) at boot28.asm:261 0X00BIDC (the entry pointvias reached) oo, Motoridentiied et The 00B582@Program
& Texas Instruments XDS100v2 USB Emulator_0/CLA_0 (Disconnected : Unknown) ag_enableForceAngle ursigned char 10T :0B583@Program
unsigned char 0'w0’ xO0B54@Program
unsigned char 0'w0' x00B585@Program
unsigned char 1901 x00B536@Program
- Flag_enableOffsetcalc unsigned char 1%t Ox00B5E7@Program
fag.enablePowerWarp unsigned char 0'w00’ x00B522@Program
- Flag_enableSpeedCtr unsigned char 00 x00B523@Program
lag_ensbleRun unsigned char 000’ Cx00B58A@Program
Flag_Runstate unsigned char 000’ Cx00B58B@Program
Tag._enableFlyingStart unsigned char 0'u00’ Cx00B58C@Program
enum <unnamed> CTRL State Idle Cx00B58D@Program
enum <unnamed> EST_State Idie xO0BSZE@Program
9= UserErrorCode enum <unnamed> USER_ErrorCodie_NoError Ox00BSEF@Program
(£ Ctriversion struct_CTRL Version_ {rsvd=0,targetProc=CTRL TorgetProc_U... 0x00B590@Program
long [} xO0B534GProgram
long [} x00BS6@Program
long [} x00B53E@Program
long 1677721 x00B59A@Program
long [) x00B5IC@Program
- Maxhccel_laprps long 35503 xO0BSIE@Program y
p———— 5 S -
] Getting Started usecjlh [ projlsbl2ac  [9) projlsbOhe 2 =0
125 _iq glorque_Flux Iq_pu_to lin sf; ~
130
/4 the functions
“void main(void)
135§
136 uint leastd t esthumber
137
5 #ifdef FAST_ROM V1p6
9 uint lessts t cerliumber - 0
o sendif
// Only used if runnin N
B Console 3 & /5| EE M B~ =0 @srtingConsole X [ Problems #e&k =0

CDT Build Console [proj Iab04] Initializing .. (Completed)

Ci/t1/motorware/motorware_I_U1_60_1E 7CodgstartEranch. ob" ~./80¢.663
4clarke.ohy® “/clk.dl 2] .- /gpio.obj” 3 loadiSFile "C:\ti\motorware\motorware_1_81_88_18\sw\solutions\instaspin_foc\src\proj_labed. js
/hal.obj" *./ipark.ob: /p1l.obj Wirapped org.eclipse. swt.SWTException: Failed to execute runnable (TypeError: Cannot call method "setActiveFormat” of

-/proj_labds.obj" "./pum.obj - - - -/traj.obj” "./usDelay.obj” null (C:\tilcesv7\eclipse\configuration\org.eclipse.osgi\366\8\. cp\script\expressionView. js#3
./user.obj” "./wdog.obj" "Ci/ti/motorware/motorware_1_61 0@_18/sw/ide/ccs/cmd/F2806x/T26069F ram_nk.cmd” ti\cesv7\eclipse\configurationiorg. eclipse.0sgi\366\0\. cp\script\expressionview. js439)
<Linking>

*Finished building target: proj_labes.out’

&

Figure A.75: Here the torque load can be changed.

4. Make sure the motor is identified and the values are stored in user j1.h. If thisis not the case,
go back to appendix A.6.1.

5. When the motor is identified, right click on Torque_Nm in the expressions window and click on
graph. This opens the graph window to see the torque.

i e-Co
File Edt View Project Tooks Run Scripts Window Help

Oir =R ] BEve-BBe-L e i R-ipi0itid- QuickAccess | 8 | B )

45 Debug 2 = B |- Varisbles 6 Expressions £3 |l Regiters £ B Cictléa ¥ =0
4 % proj 1ab04 [Code Composer Studio - Device Debugging] Expression Type Value Address A
o = Em“mw'"’r (R 09+ IdRef A long 0.0 (Q-Value(24)) 0x00C214@Program
8 Tetas Insruments XDSI00v2 USB Emuator 0/CLA Unknowr) 0 lgRef A long 00 (QValue2s) 000C216@Progrem
@ Speedel_pu long 00 (Q-Value(24)) 0:00C218@Program
- SpesdRef krpm long 009993996424 (Q-Value(24)) 000C21AGProgram
- SpeedTr kapm long 00 (Q-Value2s)) 000C21CEProgram
@ Maxaceel kipmps long 01999999681 (Q-Value(24)) 0:00C21E@Program
- Speed_kipm long 0003796815872 (Q-Valuel2h)  0C220@Program
@ OverModulation long 05 (Q-Value2s)) 000C2228Program
- ReOnLineCurrent A long 06399399881 (Q-Value(24)) 000C224@Program
@ SvgenMaxModulation ticks long 0 000C226@Program
long 0006411910057 (Q-Value24) 0:00C228@Program
fong 0.000426292419% (Q-Value(2é TR
— (Ve [ S CuieA
©9= Rr_Ohm float 00 “ Copy Expressions Ctrl+C -
% Remove
[@ projJabbd.c 52 [g halc 7l halobjh % Removell =0
27 _iq gTorque_Ls_Td_Tq_pu_to_tin_sf; A
hoa | Eforateta td_ta pu fo Ha s Number Format »
29 _iq gTorque_Flux_Iq_pu_to_Nm_sf; Add Expression Group »
2 . e e
2// the funs View Memory at Value L
4 void main(void) Find. CtrieF
6 uint_leasts_t estiiumber = 0 4 Add Watch Expression.
| & Disable
& #ifdef FAST_ROW Vips Enabl
| 139 uint leasia_t ctrlumber Erit
0 Hendif Edit Watch Expression.
Bi%2 /7 onty used 15 rumming trom s Qshes ,
| / Note that the e FLASH is defined by @ CastTo Type
#ifdef FLASH 5
| 1/ Copy time critical code and Flash setup code to LS
/7 The RamfuncsLoadstart, RamfuncsLoadEnd, and RemfuncsRunstart
77 symbols are created by the linker. Refer to the linker
| intl6_t * t, (uint1s_t int16_t 5
L #5EAa rom A= 2
B Console 2 ¢ ¢ @) & 6 v = O g8 scripting Console 3 #eh =0
COT Build Console [proj 12604) Initializing ... (Completed) -
*+*+ Build of configuration Release for project proj_labds **=* 35> loadisile " . 1_01_e0_ fons\d \_foc\src\proj_labos.js"
"C:\\ef\\cesv7\\utils\\bin\\grake" -k all jsi>
grake: Nothing to be done for 'all’.
*ee+ Build Finished ***
&

Figure A.76: Click here to show Torque_Nm in a graph.

6. Enable continuous refreshing in the graph window.
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&7 workspace_v7.1 - CCS Debug - proj 1k

File Edt View Project Tools Run Scripts Window Help

Cind Birus BE o -BHe-& e~ R-ipiaite i Quick Access | 1 | B8
45 Debug 57 ¥ = B (= Varisbles 67 Expressions i }lf Registers B+ X% #lé v=0o
4 9 projab04 [Code Composer tudio - Device Debugging] Expression Type Value Address A
7 0 & ) - 1dRef_A long 00 (Q-Value(24)) 0:00C214@Program
2 DSL00v2 USB Emulator 0/CLA 0 Unknown) - IgRef A long 00 (Q-Value(2)) 0:00C216@Program
@ SpeedRel_pu long 00 (Q-Value@s)) 0:00C218@Program
(- SpeedRef_krpm long 009999996424 (Q-Value(24)) 0:00C21A@Program =
- SpeedTraj_krpm long 00 (Q-Value(24)) 0:00C21C@Program '
@ Maxhceel kipmps long 01999999881 (Q-Value(24)) 000C21E@Program
@ Speed kipm long 4550755325005 (QValue)  -00C220@Program
@ OveModulation long 05 (Q-Value24)) 0:00C2228Program
@ ReOnLineCurrent A long 05999399881 (Q-Value(24)) 0:00C220@Program
@ SugenMaxModulation ticks  long 40 0:00C226@Program
@ FlucWh long 0006411910057 (Q-Value24) 0:00C228Program
- Torque Nm long 0000339252892 (Q-Value24))  X00C22A@Program
@ MagnCur A float 00 000C22C@Program
@ Rr.Ohm float 00 0:00C22E@Program a
[8 projlablé.c 52 [ halc 7l hal_objh =8
127 _iq glorque_Ls_Td_Ta_pu_to_tin_sf; s

_iq gTorque_Flux_Tq_pu_to_Nm_sf;
2 R

132// the functions
1134 void main(void)

uint_leasts_t estlumber = 0

#ifdef FAST_ROM_VIpE
uint_leasts_t ctrliumber = 0

ed by the project

@ Console 2 & { FRE[)&| ™ B+ = O | g8 scripting Console |fiv Single Time -2 52 HF ] v=18
COT Build Console [proj_lzb04] 3025 Enable Continuous Refresh
w+*+ Build of configuration Release for project proj_labds **+* 02
“C:\\Ef\\cesv7\\uti1s\\bin\\grake" -k all
grake: Nothing to be done for 'all’. 0254
Build Finished 06
30258
'
0 01 02 03 04 05 06 07 08 09
sample

&

Figure A.77: Enable continuous refresh

7. When changing IqRef_A (1) to a different value, the speed change can be seen (2), Torque_Nm
will change (3) and this change can be seen in the graph window (4)

workspace v7.1 - CCS Debug - proj 1k
File Edt View Project Took Run Scripts Window Help

o BivnesecBE@s BBe-SE-inciQiRiditeridy Quick Access || 1 | B[
45 Debug 33 ¥ = B |- Variables 6 Expressions 53 | i Registers 0|+ X%E it v =0
4 % proj 12504 [Code Composer Studio - Device Debugging] Expression Type Value Address E
;g Tewasl ey e 0 1dRef A long 0:00C214@Program
LO/CLAS knowr) 0 lgRet A long 0:00C216@Program
9 SpeedRef_pu tong 0:00C218@Program
- SpesdRef krpm long 009993996424 (Q-Value(24)) 000C21AGProgram =
0 SpeedTrej_krpm leng 00 (Q-Value(24)) 0:00C21C@Program
- Maxceel krpmps long 000C2E@Program
- OverModulation long TSrerers 0:00C222Program
- ReOnLineCurrent A long 06399999881 (Q-Value(24)) 0:00C224@Program
- SvgenMaxModulation_ticks long ) 0:00C226@Program
- Flu Wb long 0006605267250 Valuc2) 400C28@Progrem
- MagnCurr A float gy 0:00C22C@Program
0 R Ohm float 00 0:00C22E@Program g
3 projlabbd.c 52 [@ hale ) hal_objh =0
127 _iq glorque_Ls_Td_Ta_pu_to_tin_sF; -
128

gTorque_Flux_Tq_pu_to_Nm_sf;

1
32// the f

13
34 void main(void)
35 {

’Vw uint_leasts_t esthumber = @;
| pirder easT_ronLvipe
uine leasis t corluumber - 0;
sendit
2

4 !

@ Console 22 & 5@ BB ™ B3y = 0| g8 scripting Console fw Single Time -2 2 HEE L -H-QAR | ¥ 68 v=np
COT Build Console [proj1a604)
A 7000
#=+* Build of configuration Release for project proj_labes ===
8 project proj_] 0000
“C:\\til\cesv7\\utils\\bin\\grake” -k all
grake: Hothing to be done for 'all’ 500000
“ee* Build Finished "+t 400000
300000
200000
100000
o
o 25 B T e R T L B Re: F R B T e
4 sample
&

Figure A.78: Changing IqRef_A (done here at sample +11) will influence the torque and speed of the motor. The change in
torque is seen in the graph window.

8. Changing the IgRef_A back to zero, the motor will stop spinning as the torque will also become
zero again.
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workspace_v7.1 - CCS Debug

File Edt View Project Tools Run Scripts Window Help

ro ak

mps 2in BEY - -BRe- e - K -i@iitigd
45 Debug 57 ¥ = O (- Varisbles 67 Expressions i }li Registers & B
4 3 projJab04 [Code ComposerSudio - Device Debugging] Epression Type Velue dress E
s £ LA ':/Zux (R Snkmonm) o IdRef A leng 0:00C214@Program
mulator 0/CLA rkown) @ R A jona % 1 00C216@Program
e Specdie pu long Deaoen) 0:00C218@Program
9 SpeedRef_krpm long 009999996424 (Q-Value(24)) 0X00C21A@Program
@ SpecdTe kapm long 0 G ot :00CACEProgram
@ Maccelkipmps ong 100000 0C21EGProgram
@ Specd Japm long 0C220@Program
- OverMlodulation ong 5 0:00C2226Program
@ ReOntineCurrent A long umm(q Value(2h) odiciGOrogem
e SugenMmoduaton tcks  long 0:00C225@Program
@ Pl W fong 0:00C228@Program
5 Torgue N ing t0c2AePogom
@ MagnCur A float ™ 0:00C22C@Program
& Rr.Ohm float 00 00C2E@Program o

(8 proiebc 2[5 halc W hol_obijh
7_4q gTorque_Ls_1d_Iq_pu_to_n_sf;

29_iq glorque_Flux_1q_pu_to_lin_sf;
3

132// the functions

B ,zf\(mm main(void)

uint_leasts_t estlumber = 0

133 #ifdef FAST_ROM V1ps
Jint leasit_t cirllunber

ly used if

LasH
SH is defined by

&
g
:
i 4 I

B Console 2 | ™ B+~ = B | 4§ scripting Console | Single Time -2 57 MHF E » v =0
COT Build Console [proj 12b04)
A oo
“=** Build of configuration Release for project proj_labds *+=
g project proj_] So0000
e\ Lls bk \guke® -k a11
grake: Nothing to be done for 'all’. 00000
400000
#se+ Build Finished ****
300000 ~
200000
100000
0 Ry
045 M0 415 420 25 430 435 0 w5 <30 455 w60 465 0 <75 4B
- sample

Figure A.79: IqRef_A is set back to zero at sample +54

A.6.3. Using lab 11a for the motor controller
1. Running lab 11a works the same as lab 2 and 4, with again selecting the appropriate project
(proj lablla) and the appropriate JavaScript file (proj 1la.js).

2. Before running the motor, first set the enableOffsetcalc flag to 1. This will recalculate the voltage
and current offsets for the measurements. After that is done, set the enableRsRecalc flag to one.
This will update the stator resistance value for a more accurate control.

x

% motorware_1.01.00_18 - CCSEdit - proj lab11a/proj lab11a.c - Code Composer Studio
File Edit View Mavigate Project Run Scripts Window Help

oo BRI B OO ==

[ Project Explorer 52 BE% Y= 0O [6fbpresions 4B XR&F i v=0

{5 CAN_RXLOOP Expression Type Value Address %
S projlab01 & gMotorvars struct_MOTOR Nars.t_ {Flag_enableSys=1"\x1" Flag_Run_Ident.. 0x00BSCO@Program

2 proj lab01h (9= gMotorVars Flag_enableSys unsignedghar 1901’ (Decimal) 0x00BSCO@Program

= proj lab0lc (9= gMotorVars Flag_Run_ldentify  ugsigned| 000" (Decimal) 0<00B5C1@Program

= proj_lab02a 9+ gMotorVars.Flag_enableOffsetcalc &! 000" (Decimal) 0x00B5C7@Program

o proj_lab02b - gMotorVars.Flag_enableRsRecalc d rhav 000’ (Decimal) OxDOB5C5@Program

o proj_lab02c - gMotorVars.Flag_enablePowerWarp 0"%00' (Decimal) 0x00B5CE@Program

£ projobo2d 9+ gMotorVars Flag_enableFieldWeake unsign: 000 (Decimal) 0x00BSCA@Program

£ proj eboze 9+ gMotorVars Flag_enableForceAngle unsigned char 101" (Decimal) 0x00BSC3@Program

= proj_lab03b - gFlag_enableRsOnLine unsigned char 000’ (Decimal) 0<00B402@Program

4 proj_lab03c - gFlag_updateRs unsigned char 000 (Decimal) 0x00B401 @Program

of proj_lab04. (9= gMotorVars EstState enum <unnamed> EST_State_ldle 0:00BSCE@Program

e proj_lablda 9 gMotorVars.IdRef A long 0.0 (Q-Value(24)) 0x00B5DA@Program

= projlab05a (9= gMotorVars. SpeedRef_krpm long 0.1499998569 (Q- Value(24) 0:00BSDA@Program

o proj_lab0Sb = gMotorVars.Speed_krpm long 0.02074927092 (Q-Value(24)) 0x00BSEO@Program

= proj_lab05g 9= gMotorVars.MagnCurr_A float 0.0 0xD0BSEC@Program

7 projab0sh ©9- gMotorVars.Rr_Ohm float 00 0DBSEE@Program

> proj_lab07 (9 gMotarVars.Rs_Ohm float 0.0466275737 0x00BSFO@Program

¥ proj_ lab07a (9= gMotorVars RsOnLine_Ohm float 0391825199 0x00B5F2@Program

o proj_lab03 9 gMotorVars.Lsd_H float 0.000234349999 OxD0BSFA@Program

- projlsb0% (9= gMotorVars.Lsq H float 0.000234343999 0:<DDB5FE@Program

= proj_lab10a (= gMotorVars Flux_VpHz float 0.0557134561 0:DDBSFE@Program v
< proj lab10c

£ proj_lab10d [ Getting Started ) userjL.h [§] proj_lab02a.c [ proj_lab04.c [8 proj_labllac 33 = 0
£ proj_lab10e 186 "
£ proj_lab11 187//
& :,,,Jj:h,,"a [Active - Release] 185 // the functions

:, 152 void main(void)

= proj lab11b
= proj_lab11d
£ proj_lablle

= proj 12b20
£ proj_lab21

/ Only used if running from FLASH
J/ Note that the variable FLASH is defined by the project

cal code and Flash setup code to RAM
7/ The Ramfuncst cadsta'-t Ramfuncsloadznd, and RamfuncsRunStart
196 // symbols are created by the linker. Refer to the linker files
197 memCopy( (uint16_t dStart, (uint16_t (uint16_t 2 v

48 Scripting Console 53 2 e & o
Initializing .. (Completed)

Jst> loadJsFile "C:\ti\motorware\motorware_1_81 66 18\sw\solutions\instaspin_foc\src\proj_labes.js”
Wirapped org.eclipse.swt.SWTException: Failed to execute runnable (TypeError: Cannot call method "setActiveFormat™ of null
(C: \tilcesv7\eclipse\configuration\org. ecLipse. 0sgi \366\0\. cp\scriptlexpressionView. js#36))
(C:\ti\ccsv7\eclipse\configuration\org. eclipse. 0sgi\366\\. cp\script\expressionview. js#39)
Jsi> load3sFile "C:\ti\motorware\motorware 1 81 66 18\sw\solutions\instaspin_foc\src\pro 12
irapped org.eclipse.swt.SWTException: Failed to exscute runnable (Typerror: Cannot call aethon “aetactiveroraat® of mall
(C:\ti\cesv7\eclipse\configuration\org. ecLipse. 0sgi\366\0\. cp\script\expressionview, js#36))
(C:\ti\cesv\eclipse\configuration\org. eclipse. 0sgi \366\0\. cp\script\expressionView. js#39)

Js:> loadJsFile "C:\ti\motorware\motorware_1 81 _86_18\sw\solutions\instaspin_foc\src\proj_lablla.js"

EETSY

Figure A.80: Step 1
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3. While running the motor, the enableRsOnLine flag can be set to 1 to monitor the value of Rs. This
is useful for calculating the temperature of the motor. With the updateRs flag, the most recent
value of Rs will constantly be updated in the estimator, so the control will be more accurate.

&% motorware_1.01.00_18 - CCS Edit - proj_labl1a/proj lab 12.c - Code Composer Studio — x
File Edit View Mavigate Project Run Scripts Window Help
7 Bik i@ vi i (E oy [QuickAccess) | g9 | [Bl%
[ Project Explorer 2 5% Y= O |6 bpressions 1 tE|+ X% &2 “= 0
(5 CAN_RXLOOP Expression Type Value Address =
& proj lab01 & gMetorvars struct_MOTOR Vars_t_ {Flag_enableSys=1"x01'Flag_Run_Ident.. 0:00B5C0@Program
 proj a0 9+ gMotorVars.Flag_enableSys unsigned char 101" (Decimal) 0:00B5CO@Program
z proj_lab0lc 9 gMotorVars.Flag_Run_Identify unsigned char 0 %00’ (Decimal) 0xD0B5C1@Program
= prol | lab02a 9 gMotorVars.Flag_enableOffsetcalc unsigned char 0"%00' (Decimal) 0x00B5C7@Program
. prol | lab02b - gMotorVars.Flag_enableRsRecalc  unsigned char 0"%00' (Decimal) 0x00B5C5@Program
“7\ proj_lab02c ) gMotorVars.Flag_enablePowerWarp unsigned char 000" (Decimal) 0x00B5CE@Program
= prol labo2d 69- gMotorVars.Flag_enableFieldWeake unsigned char 000’ (Decimal) 0x00BSCA@Program
= proj_lab03a 9- gMotorVars.Flag_enableForceAngle i ar 101" (Decimal) 0<00B5C3@Program
z proj.lab03b (9= gFlag_enableRsOnLine ned char 0000 (Decimal) 0:00B402@Program
~ proj lab03c (9= gFlag_updateRs ned char 000" (Decimal) 0:00B401 @Program
z proj_lab04 (9= gMotorVars.EstState n EST State_ldle 0:00B5CE@Program
> proj_lab04a 09 gMotorVars.IdRef A long 0.0 (Q-Value(24)) 0x00BSD4@Program
= proj_(ab05a 9 gMotarVars.SpeedRef_krpm long 0.1499998569 (Q-Value(24)) O00BSDA@Program
Z proj_l2b03b (9= gMotorVars.Speed_krpm long 0.02074327092 (Q-Value(24)) 0x00BSEO@Program
= pro_lablg 9 gMotorVars.MagnCurr A float 00 0x00BSEC@Pragram
= proj_lab05h 9= gMoterVars.Rr_Ohm float 00 0<00BSEE@Program
z proj_lab07 - gMotorVars.Rs_Ohm float 0.0466275737 OxD0BSFO@Program
- prol lab07a - gMotorVars.RsOnline_Ohm float 0391225199 0xD0BSF2@Program
= prol | lab03. - gMotorVars.Lsd_H float 0.000234949999. 0xD0BSFA@Program
“7\ proj_lab0% (9= gMotorVars.Lsq H float 0.000234949999 0:0DBSFE@Program
= Prol :a::ga 69 gMotorVars.Flux_VpHz float 0.0557134561 0<00B5FE@Program v
2 proj ab1oc
© proj_lab10d [ GettingStarted [ userjih  [¢] projleb02ac  [{] projlabbdc  [& projlabliac 5 ==
= proj_lab10e "
= proj lab1 Shat R
> proj lab11a [Active - Release] the functions
= proj labTih 159 void main(void)
& prol lab11d used F running
£ proj_lab11e
"‘y‘ proj_lab20
(& prof lab21 e
Ranfun nd, and RamfuncsRunstart
ymbols eated by the L Refer to the linker files
menCopy ((uintl6 t dst: ﬂ,(uinusie dEnd, (uintls % v
G Scrpting Console 3% A& =0

Initializing .. (Completed)

e Toadasrlere G torvere toriore 1. a1 60 18 ew) stlutians\trstaspl Tuharclpro i Labas:
+

ception: Failed to execute rumnable (Typetrror call method "setactiveFormat” of null

Jsi> Toadasrile ¢ \kl\mﬂtar\vare\matﬂr‘war‘271761756715\5\v\5a1ubans\)nstasp \_foc\s \pra] lab1la.js"
irapped org.eclips: SuTException: Failad to execute runnable (TypeError: Cannot call method "setActiveFormat™ of null
(C:\ti\ccsv7\eclipse\configuration\org. ecLipse. 36618\, cp\script\expre:

(C:\ti\cesv7\eclipse\configuration\org. eclipse. 0sgi\366\0\. cp\seriptiexpre
Js:> loadJsFile "C:\ti\motorware\motorware_1_81_@0_18\sw\solutions\instaspin_foc\src\proj_lablla.js"

s>

a8

Figure A.81: Enable the online recalculation of the stator resistance.

4. From the watch window, all PID controllers can also be tuned. The controllers are: the speed
controller, the Iq controller and the Id controller. To tune the controllers change the Kp and Ki
values. (for more information on tuning the controllers, see lab 5a and 5b in [14].
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Fle Edt View Mavgate Project Run Scrpts Window Help

e Bik iR AR B G BB

[, Project Explorer 52 B% Y= O |6 bpresions 2 tE|d XRF| 5t Y= O
(5 CAN_RXLOOP

Expression Type Value Address 2
% projlab01 9+ gMotorVars Rs_Ohm float 00466275737 D:<00BSFO@Program
= projlab01h (9= gMotorVars RsOnLine_Ohm float 0391825198 D:00B5F2@Program
= proj labble 6 gMotorVars.Lsd_H float 0.000234949999 0x0DBSFA@Program
= proj_lab02s 69: gMotorVars.Lsq H float 0.000234343999 OxD0BSFE@Program
= proj lab02h (9= gMotorVars Flux_VpHz float 00557134561 Ox00BSFE@Program
-~ projlab02c 9 giitonarsldcBus long 0.009636461735 (Q-Value(24) 0x00BE16@Program
2 proj l2b02d gOffsels\ pu struct_MATH_vec3_ {value=[13978346,14018925, 140725021} (.. 0xQ0B4TO@Program
. proj_lab03a struct_MATH_vec3_ {value=[8843715,8820077,8807031]} (Q-V... 0x00B420@Program
> proj_lab03b struct _PID_Obj_[3] (+00B540@Program (Q-Value(24)) 0x00B540@Program
Zumuabﬁk struct _PID_Obj_ {Kp=16777216 Ki=167772,Kd=0,Ui=0,ref... 0xD0BS0@Program
= proj_lab04 long 1.0 (Q-Value(24)) 0xD0BS40@Program
= prejlabdda long 0.000999990462 (Q-Value(24)) 0:0DB542@Program
= proj_lab05a long 0.0 (Q-Value(24)) 0<00B544@Program
> proj_lab0Sb long 0.0(Q-Value(24) D00B546@Program
oo proj_lab05g long 0.0 (Q-Value(24)) D:00B548@Program
~ projlsb0sh long 0.0(Q-Value(24)) 0:00B54A@Program
= projlab07 long -0.3499399642 (Q-Value(24)) 0:00B54C@Program
P proj 1207 long 03499999642 (Q-Value(24)) Ox00BS4E@Program
= proj lab09 struct_PID_Obj_ {Kp=12318146,Ki=1865286,Kd=0,Ui 0x00B550@Program
7 proj12b0% struct _PID_Obj_ {Kp=12318146,Ki= 1865286, Kd=0,Ui=0 re... 0:00BS60@Program
o proj ab10a 9 gMotarvers Vs fong 04729999046 (Q-Value(24)) 0x00B612@Pragram v
5 proj lab10c
% proj_lab10d [ Getting Started ‘) userjLh (€] proj_lab02a.c [ proj_lab04.c proj_labl1ac 52 =0
< proj_lab10e 186 A
% proj_lab1 1877/
{5 prol b8 IACINE S RERSE 185 // the functions
S ool lab11n 159 void main(void)
2 proj labi1d /4 o if running from FLASH
P prc leblle / lNlote that the variable FLASH is defined by the project
£ proj_lab20 #ifdef FLASH
% proj lab21 /7 Copy time critical code and Flash setup code to RAM
e e e
// symbols are created by the Linker. Refer to the linker files
lllemtopy( (uint16_t =)&Ramfuncsloadstart, (uintl6_t *)&Ramfuncsloadend, (uintls_t =)&RamfuncsRunstart); v
8 Scripting Console 52 H2@& Y= 0

Initializing .. (Completed)

Jsi> load3SFile "C:\ti\motorware\motorware_1_81_66_18\sw\solutions\instaspin_foc\src\proj_la
irapped org.eclipse.swt.SWTException: Failed to execute runnable (Typerror: Cannot call mhaa "setActiverormat” of null
(C: \ti\cesv7\eclipse\configuration\org. ecLipse. 0sgi \366\@\. cp\script\expressionView. js#36))
(C:\ti\cesv7\eclipselconfiguration\org. eclipse. 0sgi\366\0\. ep\script\expressionview. js#39)

Jsi> loaddsFile "Ci\ti\motorware\motorware 1 81_69_18\sw\solutions\instaspin_foc\src\proj_lablla.js"

lirapped org.eclipse.swt.SWTException: Failed to execute runnable (TypeError: Canmot call method "setActiveFormat” of null
(C:\ti\cesv7\eclipse\configuration\org. eclipse. 0sgi\366\0\. cp\scriptiexpressionVi jmmy

(C: \ti\cesv7\eclipse\configuration\org. eclipse. 0sgi\366\0\. cp\script\expressionView. Js#3

s:> loadlsFile "C:\ti\motorware\motorware 1 81 08 18\sw\solutions\instaspin_f fo:\sr:\proj 1ab11a.3s"

Is>

Figure A.82: The controllers can be independently tuned.

5. Field weakening can also be enabled in this lab. To do that, change the value of the enableField-
Weakening flag to 1 in the watch window.

ndow Help

ew MNavigate Project Run Scripts

m P - T A U NLIEL R [aviacaceen] | o |[Bl%

File Edit

B, Project Explorer 32 BSH Y= O [6bpesions 4E|$ XK1 V=10
{ canReLOOP Bxpression Type Value Address &
% proj_lab01 (® gMotorVars struct_MOTOR Vars t_ {Flag_enableSys=1"x01"Flag_Run_ldent... Ox00BSCO@Program
> proj_lab01b 09: gMotorVars.Flag_enableSys unsigned char 1001 (Decimal) Ox00B5CO@Program
s proj_lab01c 9 gMotorVars.Flag_Run_Identify unsigned char 000" (Decimal) Ox00B5C1 @Program
= proj_lab02s - gMotorVars.Flag_enableOffsetcalc  unsigned char 000" (Decimal) Ox00B5SCT@Program
= proj lab02h 09 gMotorVars Flag_enableRsRecalc  unsigned char 000" (Decimal) OX00BSC5@Program
o proj_lab02c 9= gMotorVars.Flag_enablePowerWarp igned char 0 "\x00" (Decimal) Ox00BSC8@Program
2 proj lab02d (9 gMotorVars.Flag_enableFieldWezken o thar 010" (Decimal) OX00BSCA@Program
-~ projl2b0%a (9= gMotorVars Flag_enableForceAngle  unsigned char 101" (Decimal) Ox00BSC3@Program
7 projlsb03b (9 gFlag_enableRsOnLine unsigned char 000" (Decimal) 0x00B402@ Program
= proj lab03c (- gFlag_updateRs unsigned char 000" (Decimal) Ox00B401@Program
= proj_lab04 09: gMotorVars EstState enum <unnamed> EST State_ldle Ox00B5CE@Program
£ proj_ob0do 9+ gMotorVars IcRef A long 0.0 (Q-Value(24)) D0BSDAEP rogram
= proj lab03a () gMotorVars SpeedRef_krpm long 0.1499998569 (Q-Value(24)) Ox0DBSDA@Program
o proj_lab05e ) gMotorVars.Speed_krpm long 0.02074927092 (Q-Value(24)) +00BSE0@Program
= proj_lab05g 9= gMotorVars.MagnCurr A float 0.0 Ox00BSEC@Program
= proj_lab0Sh 9= gMotorVars.Rr_Ohm float 0.0 Ox00BSEE@Program
e proj._lab07 9+ gMotorVars Rs_Ohm float 0.0466275737 Ox00B5FO@Program
¥ pro lab07a (= gMotorVars RsOnLine_Ghm float 0391825199 Ox00B5F2@Program
= projlab0d (9= gMotorVars.Lsd_H float 0.000234949999 Ox00BSF4@Program
= proj2b0% 0 gMotorVars.Lsq_ H float 0.000234949999 0x00BSF6@Program
> proj ab10a (9= gMotorVars Flux_VpHz float 0.0557134561 Ox00B5FB@Program v
5 proj lab10c
£ proj_lab10d [ Getting Started T user jl.h [€) proj_lab02a.c [€] proj_lab0d.c [€ proj_labllac 52 = 8
% proj_lab10e. ~
% proj_lab11
% proj lab11a [Active - Release] gtaesfunctions
5 prol lab11e id main(void)
2 projlab1d // Only used if running from FLASH
pr proj_lablle / Note that the variable FLASH is defined by the project
£ proj_lab20 #ifdef FLASH
% proj lab21 J7 Copy time critical code and Flash setup code to RAM
7/ The Ramfuncsloadstart, RamfuncsLoadend, and RamfuncsRunStart
// symbols are created by the Linker. Refer to the linker Files
menCopy ((uintl6_t ~)&RamfuncsLoadstart, (uintl6_t *)&RamfuncsLoadend, (uintls_t ~)&RamfuncsRunstart); v
8 Scripting Console 92 @& Y= 0O

Initializing .. (Completed)

si> load3sFile "C:\ti\motorware\motorware 1 01 00 18\sw\solutions\instaspin_foc\src\proj_labos.
irapped org.eclipse.sut.SuTException: Failed to execute runnable (TypeError: Cannot call method "setActiveFormat” of null
(Ciieticcsnieidase contipirat odlorg i elipsctongtioeih bt iepresatdnl . - Hia))

(C: \tilcesv7\eclipsehconfiguration\org. eclipse. 0sgi\366\0\. cphscript\expressionView. jst

Jst> Losdastile “C:\ti\motarwarc\motorware. 1 01 06 18\sw\o Lut ionsinstospin | fut\ir(\prﬂj 1sblla.js"

irapped org.eclipse.swt.SWTException: Failed to execute runnable (Typerror: Cannot call method "setactiveFormat” of null
(C:\ti\cesv7\eclipselconfiguration\org. ecLipse. 0sgi\366\\. cp\scriptiexpressionview. js#36))
(C:\ti\ccsv7\eclipse\configuration\org. ecLipse. 0sgi\366\6\. cp\scriptiexpressionview, js#39)

Jsi> load3SFile "C:\ti\motorware\motorware_1_81_66_18\sw\solutions\instaspin_foc\src\proj_lablla.js"

Jsi>

Figure A.83: Field weakening can be enabled by setting this flag to 1.

6. To open the graph to observe the actual speed of the motor. Right-click on the variable (in this
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case: Speed_krpm) and click on graph.

workspace. CS Debug - proj ak

iew Project Tools Run Scripts Window Help

mid Bicn® BE e -BBe-S e~ ]R-i@ i Quick Access | B8 | B

45 Debug 2 ¥ = B 0= Variables 67 Expressions 7 M Registers g retlép =8
4 5 proj lebl1a [Code Composer Studio - Device Debugging] Expression Type Value Address =
o9 Teasi X ) 0 Eststate enum <unnam.. EST State Online 0:00C24E@Program
2 DS10042 USE Emultor 0/CLA( Unknown) - UserErrorCode enum <unnam. 0:00C24F@Program
> (& CtriVersion struct CTRL V... {rsvd=0 argetProc=CTRL TargetPr... 0:00C250@Program
0 IdRef A long 00 (Q-Value@¥)) 0:00C254@Program
0 IgRef A long 00 (Q-Value@s) 0:00C256@Program
@ SpeedRef_pu long 00 (Q-Value(24)) 0:00C258@Program
- SpesdRef krpm long 01499998569 (Q-Value(24)) 0:00C25AGProgram
- SpeedTr kapm long 00 (Q-Value24)) 0:00C25C@Program
long 01999999881 (Q-Value(2s)) 0:00C25E@Program
1 = OOIESS9 Qe Aencnan
Ton long 05 (Q-Value@s) &= G2
- ReOnLineCurrent A long 06399999881 (Q-Value2#)) | [ Copy Expressions cttsc
6 SugenMexModulation_ticks  long a0 X Remove
- Flux Wb long 0007963120957 QValue®) | e gemove .
halobjh  [3) proj labllac 32 Number Format > =0
Add Expression Group. » s
used 1F running Fr ew Memor
ote that the varisble is defined by the project Ve
of View Memory at Value
Copy time critical code and Flash setup code to RAM e G
/ The Ramfuncsloadstart, RamfuncsLoadEnd, and RamfuncsRunStart
yabols are created by the linker. Refer to the linker files & Add Watch Expression.
menCopy((uint16_t  (uint16 £ = w16t 5
#ifdef CSH_ENABLE Enable
//copy -sconst to unsecure RA!
i#(*econst_end - *econst_start) Edit Watch Expression.
n int16_t *)econst_start, (uintl6_t *)ieconst_end, (uintl6_t *)ieconst_ram_load: e ’
menCopy((uint16_t *)8econst_start, (uint16_t *)3econst_end,(uint16_t *)deconst_ram_load); o ey
Add Global Variables.
//copy .switch ot unsecure RA"
f(*switch_end - *switch_start) Bxport... il
- Import. -
de Composer Studio) »
& Console 52 [~ = O g8 scripting Console 53 ®e& =0
COT Build Console [proj Iabl1a] Initializing ... (Completed) -
“+*+ Build of configuration Release for project proj_lablla =+ jsi> loaddsFile "C:\ti . 1_01_00_ = roITabeE I

“C:\\ti\\cesu7\\utils\\bin\\gmake” -k a1l js:> loadsFile "C - 1_01_00_ s X proj_labila.js"
grake: Nothing to be done for 'all’.

jai>
=== Build Finished ****

&

Figure A.84: To open the graph of the actual speed, right click on speed_kprm and click on graph.

7. Enable the continuous refreshing, otherwise refreshing the graph needs to be done by hand.

workspace_v7.1 - CCS Debug - proj 1k
File Edt View Project Tools Run Scripts Window Help

it Bikn® BE @~ CAR N B ]R-i0 i Quick Access | B | B
45 Debug 52 ¥ = B (= Varisbles 67 Expressions i }lf Registers % B #lé v=18o
4 % projlabl1a [Code Composer Stuio - Device Debugging] Expression Type Value Address A
v L0/CBe (i ) (- EstState enum <unnam... EST State OnLine 0:00C24E@Program
DS100v2 USB Emulator 0/CLA Unknown) - UserErrorCode enum <unnam... USER_ErrorCode_NoError x00C24F@Program
> (& CulVersion struct CTRLY... {1svd=0,targetProc=CTRL TargetPr... 0:00C250@Program
@ 1dRef A long 00 (Q-Value2s)) 000C254@Program
@ lRef A long 00 (Q-Value@s) 0:00C256@Program
@ Speedel_pu long 00 (Q-Value(24)) 0:00C258@Program
@ SpeedRel krpm long 01499998569 (Q-Value(2#)) 0:00C25AGProgram
@ SpeedTrs kapm long 00 (Q-Value24)) 0:00C25C@Program
@ Maxaceel kipmps long 01999999681 (Q-Value(24)) 0:00C25E@Program
@ Speed kipm long 001534533501 (Q-Valuel24)) 0:00C260@Program
@ OverModulation long 05 (Q-Value2s)) 0:00C2620Program
- ReOnLineCurrent A long 056399999881 (Q-Value(24)) 0:00C264@Program
@ SvgenMaxModulation ticks long 0 000C266@Program
@ FlucWb long 0008983446827 (Q-Value2) 0:00C268@Program g

is defined by the project

Copy time critical code and Flash setup code to RAY

The RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
bols are created by the linker. Refer to the linker files

meaCopy((uint16_t , (uint1s_t * €16t 5

#ifdef CSM_ENABLE
//copy -econst to uns R
if("econst_end - *econst_start)

menCopy((uint16_t *)&econst_start, (uintl6_t *)3econst_end,(uintls_t *)aeconst_ram_load);

Jlcopy .switch ot unsecure RAY
1 ("switch_end - *switch_start) il

© Conle 2 s o@ ;@va &laE-8lE “=0

=
&
@

S| ™ B -9~ = 8 @ Sripting Console [ Single Time 3 52

COT Build Console [proj_labl1a] s Tenable Continuous Refresh
==+ Build of configuration Release for project proj_lablla =*** .
“C:\\ti\\cesu7\\utils\\bin\\gmake” -k all
grake: Nothing to be done for 'all’. 019056
=== Build Finished ***
Build hed 3019054
3019052
301905
0 01 02 03 <04 05 06 07 08 09

sample

&

Figure A.85: Enable continuous refreshing.

8. While changing the reference speed at SpeedRef_krpm. The actual speed will change by the
maximum acceleration set. This can be observed in the graphs of fig. A.86 and fig. A.87.
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o

e
File Edt View Project Tools Run Scripts Window Help

- [=HVV ] BE o -BHe-& e~ KR-ipiaite i~ Quick Access | 15 | B 8)

45 Debug 33 ¥ = O |- Variables € Expressions 52 lilf Registers #l& v =10
4 5 proj lebl1a [Code Composer Studio - Device Debugging] Expression Type Value Address -
b9 Teask L0/ Cobs (Runing) 0 Eststate enum <unnam.. EST State Online 0:0085CE@Program
2 DS10012 USE Emultor 0/CLA( Unkniown) - UserErrorCode enum <unnam... USER ErorCode_Norror 0:0085CF@Program
» (& Ctversion struct_CTRL V. =0, - CTRL TargetPr. E
“ tong
0 lgRef A long
0 SpeedRef_pu fong 0:008508@Program
- SpesdRef krpm long
0 SpeedTra kapm long 0:0085DC@Program
- Maxaceel krpmps long 0:00BSDE@Program
- Speed_kipm long 0:0085E0CProgram
9 OverModulation long = 0:00B5E2GProgram
- ReOnLineCurrent A long 05 (Q-Value@s)) 0:0085E4@Progrem
0 SugenMaxModulation_ticks  long ) 0:0085E6@Program
- Flux Wb long 0006556332111 (Q-Value2$) 000BSE8EProgrem .
[} =g
B nstart
ymbols are created by the linker. Ref Linker files
| 197 memcopy((uintas_t  (uint16 £ = 16t
|50 wirder con manie
//copy -sconst to unsecure RA"
| i#(*econst_end - “econst_start)
| menCopy((uint16_t *)8econst_start, (uint16_t *)3econst_end, (uint16_t *)aeconst_ram_load);
| //copy .switch ot unsecure RA" 3
F(*switch_end - *switch_start;
L ¢ = L50) =
& Console 32 8 Scripting Console fiw Single Time -4 £7 HFET - QR ¢cEB%RE o 3 ] v=n0o
COT Build Console [proj labl1a] 36000000
o| 32000000
“e*+ Build of configuration Release for project proj_lablla =+ 28000000
“C:\\til\cesv7\\utils\\bin\\grake® -k all 24000000
grake: Nothing to be done for 'all’. 2000000
#ee+ Build Finished **** 16000000
12000000
8000000
4000000
o
0 B R e I I ) P I
sample

T workpaceza™
Edit View Proj

Run Scripts Window Help

i3 Bivneo o BEYS - BBe-&e-inciR-inie QuickAcesss | g | 1B (8B)
45 Debug 52 ¥ = O Varisbles € Expressions 52 lili Registers 0|+ X%R@ rict|e =0
4 ¥ proj_labl1a [Code Composer Studio - Device Debugging] Expression Type Value Address -
0v2.USB Emudstor 0/Crpu (R ) - EstState. enum <unnam... EST_State_ Online 0:00B5CE@Program
&2 Teas 0/ Unknown) - UserErrorCode. enum <unnam... USER_EnorCode_NoError 000BSCF@Program
(# CuVersion struct_CTRLY... {rsvd=0; TRL Targetpr
@ 1Ref A long
@ IgRe A long
- SpeedRel pu long
- SpeedRef_kipm fong €0 (Q-Value2s)) >1 0:00BDA@Program
@ SpeedTra kapm long 00BSDC@Program
@ Maxaccel kipmps long P Alauel2} O0BSDECProgram
- Speed_krpm long 1000432014 (Q-Value(24)) 2 000BSE0@Progrem
- OveiModulation ong T DO0BSE2@Program
@: RsOnLineCurrent A long 05 (Q-Value2s)) 000B5E@Progrem
@ SvgenMaxModulation ticks  long ) O0BSES@Program
09+ Flux Wb long 0.006533265114 (Q-Value(24)) (0x00BSEB@Program
(2 pro Jabittac =g
B -
nly used if running from FLASH
B 152 77 note that the variable il 7 552 1
Wifdef FLASH
| 194 // Copy time critical code and setup code to @
7/ The RamfuncsLoadStart, RamfuncsLoadend, and RamfuncsRunstart
11 196 // synbols are created by the Linker. Refer to the linker files.
menCopy((uint16_t , (uint16_t * t16_t ;
|15 wisder con ewsnie
| Jcopy -ecanst. to unsscure RAM
£ (~econst_end - “econst_start)
| menCopy ((uint16_t *)Beconst_start, (uintls_t *)ieconst_end, (uintls_t *)ieconst_ram_load);
. /copy .switch ot unsecure RA
§f(switch_end - *switch_start) 3 J
@ Console 2 8 @) B ™ B9 = 0 | siptingConsole v Single Time-4 52 ] B
COT Buid Console [pro Jebi1a] 26000000
32000000
*+++ Build of configuration Release for project proj_lablla **+* 28000000
“C:\\ti\\cesv\\utils\\bin\\guake™ ~k all 2400000
gake: Nothing to be done for 'all'. o000
** Build Finished *+** 16000000
12000000
3000000
4000000
o 1
o 10 2 0 a0 50 50 0 &0 ) 100 10
- e

Figure A.87: Another example like fig. A.86.

More information on the use of this lab can be found in [14].

A.7. Adding the eCAN module

For integrating the CAN module of the Launchpad first some files need to be downloaded from the
archive. This is all done with help from the work of Andrew Buckin [26].

1. Download the zip file: “CAN_interface-ti-F28069M-master” from the archive.

2. Save it in the folder “C:\ti\motorware\motorware 1 01 00 18\sw\solutions\
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instaspin foc\boards\boostxldrv8301 revB\f28x\£2806xF\src” And extractall the
files.

| = | Compressed Folder Tools  f2806x
Home Share View Extract
— v P » This PC > Windows (C) > ti > motorware > motorware_1.01_00_18 > sw > drivers > can > src > 32b » f28x > f2806x >
[] Name Date modified Type Size
3 Quick access
.h 1/20/2018 1:32PM  HFil 52 KB
«m Desktop » D can 120/ e
v| i CAN_interface-ti-F28069M-master 1/20/2 KB
& Downloads » Open F
< Documents » (MOW
#= Pictures » ‘\ Extract All.. )
122__10 o sen
drive-download-20 B Shred
New York Zomer 20 Pin to Start
Probability Open with..
# OneDrive Restore previous versions
= This PC SariiE >
«m Desktop Cut

Documents Copy

+ Downloads Create shortcut

D Music Delete

(= Pictures Rename

B Videos Properties

% Windows (C)
- RECOVERY (D7)

¥ Network

Figure A.88: Step 2: Extract all the files.

3. Copy the can.c and can.h file from “C:\ti\motorware\motorware 1 01 00 18\sw\
drivers\can\src\32b\f28x\f2806x\CAN interface-ti-F28069M-master”

| < | CAN_interface-ti-F28069M-master - O X
Home Share View - 0
« v N « sw > drivers > can » src > 32b > f28x » f2806x > CAN_interface-ti-F28069M-master v O Search CAN_interface-ti-F280.. P

«m Desktop A~ [ Name Date modified Type Size
3 Downloads [ canc 1/20/2018401PM  CFile 17 KB
¢ Documents W 1202010 A:01 DAA_ LI Eil
canh 52 KB
#= Pictures b 4 "] README.md Edit 1KB
122__10 B Scan
drive-download- I Shred
MNew York Zomer Send to >
Probability
& OneDrive ( Copy )
% This PC Create shortcut
«m Desktop Delete
Documents Rename
% Downloads Properties
2 Music
= Pictures
B Videos
. Windows (C) v
3items 2 items selected 684 KB ==

Figure A.89: Step 3: Copy the files from the underlined folder.
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4. Paste the can.c and can.h files in “C:\ti\motorware\motorware 1 01 00 18\sw\
drivers\can\src\32b\£f28x\f2806x"

| & 1 = | r2806x - m] X
Home Share View 0
— v P « ti > motorware > motorware_1_.01.00_18 > sw > drivers > can > src > 32b > f28x > f2806x » v D Search f2806x P

~
«m Desktop A~ [ Name Date modified Type Size

% Downloads  # sategface-ti-F28069M-master 1/20/2018 401PM  File folder

¢ Documents [ canc 1/20/2018 401 PM  CFile 17KB
= Pictures b &<l | canh 1/20/2018 401 PM  H File 52 KB
122__10 ¢, CAN_interface-ti-F28069M-master 1/20/2018 3:58 PM Compressed (zipp... 13KB

drive-download-
New York Zomer

Probability
& OneDrive

% This PC
«m Desktop
£ Documents
3 Downloads
b Music
& Pictures
@ Videos
£ Windows (C) ™

4items 2 items selected 684 KB =]

Figure A.90: Step 4: Paste the files from the underlined folder.

5. In Code Composer Studio open a project according to the instructions of appendix A.5.3.

6. Right-click on the project where the CAN interface needs to be integrated and click "Add Files...”
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Figure A.91: Step 6: Right-click on the project and click on "Add Files...".

7. Goto “C: \ti\motorware\motorware 1 01 00 18\sw\drivers\can\src\32b\
£28x\£2806x” and select can.c.
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Figure A.92: Step 7: Go to the underlined folder and select can.c.
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8. Select link files and set the "Create link locations relative to:” drop-down menu to
"MW_INSTALL_DIR". Than click OK.
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Figure A.93: Step 8: Select Link files and select MW_INSTALL_DIR and click Ok.

9. Right-click on the project where the CAN interface needs to be integrated and click “Add Files...

&

'’
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Figure A.94: Step 9: Right-click on the project and click on "Add Files...".

10. Goto ”C:\ti\motorware\motorware 1 01 00 18\sw\ide\ccs\cmd\£2806x” and se-
lect F2806x_Headers_nonBIOS.

5 workspace v7.1 - CCS Edit - Code Cor

Fie Edt View Navigate Project Run Seripts Window Help

o Bk PE—— QuickAceess | 8 | [B)%
(2 Project plorer 53 B% =0 S8 %oun BT =08 7§
4 { projlabl1a [Active - Release] ®

> &) Includes An outlineis not available,

& Release
> R adec
L clarke.c
> [ dke ¥ Add fles to proj b 1a =)
(& CodeStertBrand L=
> & cpuvsagec | F( )= [ » Computer » Windows (C) » ti » motonvare » motoware 1010018 » sw » ide » ccs b cmd » 2806 ~To ] 2]
(& cpuc =
& dn@0Lc Organize v Newfoldar o e
> Lix F28065F ram = = .
& ftetor P Name Dstemodfied  Type size
> ﬁﬂﬂsk B Desktop F2806x Headers_nonBIOS ws Comma. 108
fwc .
1 Downloads Comma oKs
o H Recentlces a0z o ok ows Comma. e
(& ke s | s = Comma. oke
> @ osce instospin_foc || 2] F28068F_ram Ik s Comm. %8
& pide 2806 5] F2s06aM s Comma, ke
b [& piec 55 F28068M_ram Ink s Comm. 7K8
& o 3 Libraries (55 F23060F s Comma. oke
S 3 Documents ) 9065 am ik  Comma T
) IR pore ) Pictures [ 28065F ram Ink 2motors = Comma. %@
> [ spic B Videos (5] F28069M ws Comma. 9k8
> (& svgen_curent 5] 28065M_ram Ik = Comma. K8
b g svgen.c 8 Computer
% timer.c & Windows (C:)
> R troic oo 01
(5 usDeloy.sm :: ""‘ ;";’ i
B et erconal Dot

» (& wdog.c File name: F2806x Headers_nongI0S. + [ B

=i 2806:Rer8 Fast] | ’
= £ getipud| e
=4 EST_unp L

F28069F cmd
=4 IQmathlib
& memCopy.c
2] proj labt1ajs
%, TMS320F28069 xds10012.comml

 Advice 52 o Call Hierarchy 3 Type Hierarchy =0
3items
Description Resource  Path Location

7 + b i Optimiston Advice G tems)

5 proj labl1a &

Figure A.95: Step 10: Go to the underlined folder and select F2806x_Headers_nonBIOS.

11. Select link files and set the “Create link locations relative to:” drop-down menu to
"MW_INSTALL_DIR". Than click OK.
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Figure A.96: Step 11: Select Link files and select MW_INSTALL_DIR and click Ok.

After adding the files, the codes of hal.c, hal.h and hal_obj.h need to be modified to integrate
and initialize the CAN module.

12. Open hal.c, select hal_obj.h. Then right-click and click on “Open Declaration” or press F3.
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Figure A.97: Step 12: Open the file hal_obj.h.

13. Then hal_obj.h opens. Add the following line of code beneath the rest of the drivers:

#include ”sw/drivers/can/src/32b/f28x/£2806x/can.h”
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Figure A.98: Step 13: Add the line of code to hal_obj.h.
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Figure A.99: Step 14: Add the line of code to hal_obj.h.

15. Close hal_obj.h, open the hal.c code and select hal.h. Right-click and click on “Open Declaration”
or press F3.
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Figure A.100: Step 15: Open the file hal.h.

16.

s
e

\brief
\param[in]

Go to the end of the headerfile hal.h and add the following lines of code:

Sets up the ECAN module.
handle

The hardware abstraction layer (HAL) handle

extern void HAL setupECAN (HAL Handle handle);
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14:
1421 #ifdef _ cplusplus
1422}
1423 #endif // extern "C"
1424
1425//@} // ingroup
1426 #endif // end of _HAL_H_ definition
1427
1428
1429
v
B Console 2 O GG BB B8y =0 [ poblems 2§ Advice ven
CDT Build Console [proj_lab11a] 0 errors, 1 warning, 0 others
runPowerkiarp. 11b” A pescrip ~ & Pth
"C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cmd/F2806x/F28069F _ram escription esource N
Ink.cnd™ > ® Warnings (1 item)
"C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/F2806x/F2806x_Head
ers_nonBIOS. cmd"
<Linking>
‘Finished building target: "proj_lablla.out"'
*x0x Build Finished ****
v o< >

81 | Writable Smart Insert 1419:46

Figure A.101: Step 16: Add the lines of code to hal.h.

17. Close hal.h and open hal.c. At the end of the HAL_init() function, add the following line of code:

obj->ecanaHandle

ECAN init(); //Initialize the CAN handle
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&% ti - CCS Edit - proj_lab11a/hal.c - Code Composer Studio - X
File Edit View Navigate Project Run Scripts Window Help
(=84 BiIRvQiHpvidviRECEYyD Quick Access|: & |[B
25 Project Explorer 52 B% Y= 0 @ Getting Started =0
~ & proj lab11a [Active - Release] ~ B 710 ~
4 Binaries 711
& Includes l 712 #ifdef QEP
Release 713 // initialize QEP driver
= ‘714 obj->qepHandle[0] = QEP_init((void*)QEP1_BASE_ADDR,sizeof(QEP_0bj));
G adec ‘ 715  obj->gepHandle[1] = QEP_init((void*)QEP2_BASE_ADDR,sizeof(QEP_Obj));
& canc 716 #endif
[& clarke.c l 7
& clkc ' 718
& CodeStartBranchasm 719 I obj->ecanaHandle = ECAN_init(); //Initialize the CAN handle I
& cpuc l
(& drve301.c
& F28069F _ram_Inkcmd A
i F2806x_Headers_nonBIOS.cmd 725void HAL_setParams(HAL Handle handle,const USER_Params *pUserParams)
(& filter_fo.c 726{
(& flash.c 727 uint_leasts_t cnt;
R fwe 728 HAL_Obj *obj = (HAL_Obj *)handle;
o 729 _iq beta_lp_pu = _IQ(pUserParams->offsetPole_rps/(float_t)pUserParams->ctrlfreq_Hz);
& gpioc 730
(& halc 731
& iparke 732 HAL_setNumCurrentSensors(handle,pUserParams->nunCurrentSensors) ;
& oscc 733 HAL_setNumVoltag handle, p ->nunVolt. );
[& pid.c 7/;’:
& piec 3
33?: 736 for(cnt=0;cnt<HAL_getNumCurrentSensors (handle);cnt++)
& PI 737 {
5 proj_lab1ac 738 HAL setOffsetBeta 1o pu(handle.HAL SensorType Current.cnt.beta lp pu): N
& pwmc < >
E"W" © Console 2 S ¢ BREIK ME YR =0 @ poblems 2§ Advice v=0
& spic
a S":ge" curente COT Build Console [proj_lab11a] 0 errors, 1 warning, 0 others
. runPowerharp. L1b” A Descrip ~ S oath
& svgen "C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/F2806x/F28069F _ram escrption esource N
& timerc Ink. cnd™ > ® Warnings (1 item)
& traj.c /ti/motorware/motorware_1_61_60_18/sw/ide/ccs/cnd/2806x/F2806x_Head
& usDelay.asm e[§,:?nslos.cmd"
<Linking>
;:::;;( *Finished building target: "proj_lablla.out”
=4 2806xRevB_FastSpinROMSymbols.ib
= EST_getlda_pulib v xewx Build Finished *xex
< > v o< >
£1 | Writable Smart Insert 719:62
Figure A.102: Step 17: Add the line of code to hal.c.
// setup the eCAN
HAL setupECAN (handle) ;
i - CCS Edit - proj_lab11a/hal.c - Code Composer Studio - X
File Edit View Navigate Project Run Scripts Window Help
N BiRviQifviSvRERCY DY Quick Access|: & ||B
&5 Project Explorer 52 E% Y= O @Getting Started =g
~ | proj_lab11a [Active - Release] ~ 786 ~
& Binaries 787
& Includes 788 // setup the flash
789 HAL_setupFlash(handle);
Release 79
[& adcc 751
(& canc 792 // setup the ADCs
[& clarke.c 793 HAL_setupAdcs (handle);
& clke
[% CodeStartBranch.asm
(& cpu_usage.c
[& cpuc
& an830t.c // setup the Pulis
& F28069F ram_Inkcmd HAL_setupPums (handle,
 F2806x_Headers_nonBIOS cmd 801 (float_t)pUserParans->systenFreq_tHz,
(& filter_fo.c 802 pUserParams->punPeriod_usec,
& flashc 234 USER_NUM_PUWM_TICKS_PER_ISR_TICK);
fu :
i fwe 805 #ifdef QEP
& gpioc 806 // setup the QEP
& halc 807 HAL_setupQEP(handle,HAL_Qep_QEP1);
& iparkc 803 HAL_setupQEP(handle,HAL Qep_QEP2);
& oscc 809 #endif
[& pidc 810
R piec 811 // setup the spiA
812 HAL_setupSpiA(handle);
(& pll.c 813
[& proj_labl1a.c 814 v
& pwm.c < >
&p
ifw’: © Console T o ¢[El @ & By =0 [2poblems 3§ Advice v=o
i
Py i CDT Build Console [proj_lab112] 0 errors, 1 warning, 0 others
" sugen.cunente runPoweriarp. 11" A Description Resource Path
& svgenc "C: /ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/F2806x/F28069F _ram
& timerc nk.cnd" & Warnings (1 item)
& traj.c "C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/£2806x/F2806x_Head
(3 usDelay.asm 8[5729"8105-6'“ "
<Linking>
if:;;c *Finished building target: "proj_lablla.out™’
=4 2806xRevB_FastSpinROMSymbols.ib
= EST_getlda_pulib v xexx Build Finished *vex
< > v o< >
|| writable Smartinsert | 796:25

Figure A.103: Step 18: Add the lines of code to hal.c.

19. Check if the GPIO’s are declared right. GPIO30 is for receiving CAN messages (CANRXA) and
GPIO31 is for transmitting CAN messages (CANTXA).
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&% ti - CCS Edit - proj_lab11a/hal.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help
(=B 4 IR viRipviAviRECCY D

[ Project Explorer 2 Bg
v (£ proj lab11a [Active - Release]
> 4% Binaries
> & Includes
& Release
> @adec
> B canc
> [& clarke.c
> @ clke
» [& CodeStartBranchasm
» [& cpu_usage.c
& cpuc
> & drv8301c
> Lz F28069F_ram_Inkcmd
> L F2806x Headers nonBIOS.cmd
& filter_fo.c
> [& flashc
> B fwc
L& gpio.c
> & halc
> Wiparke
> & osce
& pidc
> @ piec
> Ropllc
& proj labl1ac
> & pwme
> & pwrc
> Rspic
(& svgen_current.c
> [& svgen.c
> [& timerc
> [ trajc
> [% usDelay.asm
> [& userc
> & wdog.c
=4 2806xRevB_FastSpinROMSymbolslib
=i EST_getldq_pulib

- X

[Quick Access| & |[Bl
=0

1184 ~

1185  GPIO_setMode(obj->gpioHandle,GPIO_ Number._27,GPI0_27_Mode_SPISTEB_NOT);

1186

1187 // OCTun

1188 GPIO_setMode(obj->gpioHandle,GPIO_Number_28,GPI0_28 Mode_TZ2_NOT);

1189

1190 // FAULTn

1191 GPIO_setMode(obj->gpioHandle, GPIO_Number_29,GPI0_29_Mode_TZ3_NOT);

1192

1193 | // CAN RX

1194 | GPI0_setMode (obj->gpioHandle, GPIO_Number_30,GPI0_30_Mode_CANRXA);

1195

1196 | // cAn X

1197 | GPIO_setMode(obj->gpioHandle, GPIO_Number_31,GPI0_31_Mode_CANTXA);|

1198

1199 // I2C Data

1200  GPIO_setMode(obj->gpioHandle,GPIO_Number_32,GPI0_32_Mode_SDAA);

1201

1202 // 12C Clock

1203 GPIO_setMode(obj->gpioHandle,GPIO Number._33,GPI0_33_Mode_SCLA);

1204

1205 // LED D9

1206 GPIO_setMode(obj->gpioHandle,GPIO_Number_34,GPI0_34_Mode_GeneralPurpose);

1207 GPIO_setLow(obj->gpioHandle,GPIO Number_34);

1208  GPIO_setDirection(obj->gpioHandle,GPIO_Number_34,GPIO_Direction_Output);

1209

1210 // ITAG

1211 GPIO_setMode(obj->gpioHandle,GPIO Number._35,GPI0_35_Mode_JTAG_TDI);

1212 GPIO setMode(obi->gpioHandle.GPIO Number 36.GPIO 36 Mode JTAG TMS):
<

@ Console 22 O oIS e Problems 52 Advice

CDT Build Console [proj_lab11a] 0 errors, 1 warning, 0 others

runPowerkiarp. 11b” A Descrip ~ R oath

"C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/F2806x/F28069F _ram escription esource N
Ink.cmd”

/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cmd/£2806x/F2806x_Head

ers_nonBIOS.cmd"

<Linking>

‘Finished building target: "proj_lablla.out"'

> ® Warnings (1 item)

®exx Build Finished ****

| wiitable Smart Insert 1197: 68

Figure A.104: Step 19: Check the GPIO 30 and 31 functions in hal.c.

20. Check if the eCAN clock is enabled in hal.c. If not change

CLK disableEcanaClock (obj->clkHandle) ;

n

CLK enableEcanaClock (obj->clkHandle) ;

&% ti - CCS Edit - proj_lab11a/hal.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help
(=4 BIR viRipviAviRECCYy D

[ Project Explorer 2 BYg
v (£ proj lab11a [Active - Release]
> 4% Binaries
> @ Includes
& Release
> @adec
> B canc
> [& clarke.c
& clke
» [& CodeStartBranchasm
» [& cpu_usage.c
& cpuc
> [& drv301c
> L F28069F_ram_Inkcmd
> L F2806x Headers nonBIOS.cmd
& filter_fo.c
> [& flash
> B fwc
L& gpio.c
> & halc
> Wiparke
> & oscc
& pidc
> @ piec
> Rpllc
& proj lab1ac
> & pwme
> & pwrc
> Rspic
(& svgen_current.c
> [& svgen.c
> [& timerc
> [ trajc
> [% usDelay.asm
> [& userc
> & wdog.c
=4 2806xRevB_FastSpinROMSymbolslib
=i EST_getldq_pulib

- X

[Quick Access| @ |[Bl

3 Getting Started =0
1317 { ~
1318 HAL_Obj *obj = (HAL_Obj *)handle;

1319

1320

1321 CLK_enableAdcClock(obj->clkHandle);

1322

1323 CLK_enableCompClock(obj->clkHandle, CLK_CompNumber_1);

1324 CLK_enableCompClock(obj->clkHandle, CLK_CompNumber- 2);

1325  CLK_enableCompClock(obj->clkHandle,CLK_CompNumber_3);

1326

1327 CLK_disableEcaplClock(obj->clkHandle);

1328

1329 ICLK_en:hleEcan:Clock(obj—>c1kHand1e) 5 |

1330

1331 #ifdef QEP

1332 CLK_enableEqeplClock(obj->clkHandle);

1333 CLK enableEqep2Clock(obj->clkHandle);

1334 #endif

1335

1336 CLK_enablePwmClock(obj->c1kHandle, Pk _Number_1);

1337 CLK_enablePwmClock(obj->clkHandle, PhM_Number 2);

1338 CLK_enablePwmClock(obj->clkHandle, PhM_Number 3);

1339

1340

1341 CLK_enablePwmClock(obj->clkHandle,PWM Number 6);

1342 CLK_enablePwmClock(obj->clkHandle, PhM Number-_7);

1343 CLK_enablePwmClock(obj->clkHandle, PhM_Number 8);

1344

1345  CLK disableHrPwmClock(obi->clkHandle): v

< >

@ Console % S oBl @ #Bv®vy=no Problems 52§ Advice ven
CDT Build Console [proj_lab11a] 0 errors, 1 warning, 0 others

FunPoweriarp. 1ib" ~ =
“C:/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cnd/2806x/£28069F _ram . DeCPiOn Resource Fath

Ink.cmd"™ > & Warnings (1 item)

/ti/motorware/motorware_1_01_00_18/sw/ide/ccs/cmd/2806x/F2806x_Head

ers_nonBIOS.cmd"

<Linking>

*Finished building target: "proj_lablla.out"*

**x% Build Finished ****

V= >

Writable Smart Insert 1329:40

Figure A.105: Step 20: Check if the eCAN clock is enabled in hal.c.

21. Add the following function at the end of hal.c:



100 A. InstaSpin™ manual

void HAL setupECAN (HAL Handle handle) {
HAL Obj *obj = (HAL Obj *)handle;

ECAN setTXIO (obj->ecanaHandle);
ECAN_ setRXIO (obj->ecanaHandle);

// ECAN_ setSCCmode (obj->ecanaHandle) ;
ECAN Mode (obj->ecanaHandle, eCANmode) ;

ECAN disableAllMailbox (obj->ecanaHandle);
ECAN clearMSGCTRL (obj->ecanaHandle) ;
ECAN clearMSGID (obj->ecanaHandle) ;

// ECAN clearMDL (obj->ecanaHandle);

// ECAN clearMDH (obj->ecanaHandle);

ECAN clearCANTA (obj->ecanaHandle) ;
ECAN clearCANRMP (obj->ecanaHandle) ;
ECAN clearCANGIFO (obj->ecanaHandle) ;
ECAN clearCANGIF1 (obj->ecanaHandle)

’

ECAN disableAllInt (obj->ecanaHandle) ;

ECAN configMasterReg (obj->ecanaHandle, Normal operation,

Power normal, MSB, PDR activity, Requests normal,

ABO 0, No effect, Mailbox NO);

ECAN setBitrate (obj->ecanaHandle, Bitrate 500K);

// 90 MHz SYSCLKOUT. 45 MHz CAN module clock Bit rate = 500 Kbps

// ECAN setBTCreg(obj->ecanaHandle, 0x000503BD); // sprac35

// ECAN enableAllInt (obj->ecanaHandle);

// ECAN enableAllMailbox (obj->ecanaHandle);

// ECAN_setMailboxDir (obj->ecanaHandle, OxFFFF0000) ;
//Configure Mailboxes 0-15 as Tx, 16-31 as Rx

ECAN setMailboxIntMask (obj->ecanaHandle, 0x00000000);
//Mailbox interrupt is disabled.

//MailBoxID Mask

ECAN configMailbox (obj->ecanaHandle, MailBox0O, 6, Enable Mbox,
Tx Dir, Standard ID, DLC 8, LAMI O,
Mask is used, 0x0000FF80);

ECAN configMailbox (obj->ecanaHandle, MailBoxl6, 6, Enable Mbox,
Rx Dir, Standard ID, DLC 8, LAMI O,
Mask is used, 0x0000FF80);

ECAN SelfTest (obj->ecanaHandle, Normal mode) ;
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&% ti - CCS Edit - proj_lab11a/hal.c - Code Composer Studio - X
File Edit View Navigate Project Run Scripts Window Help
e R BiIRviQitvifviBECGCY D Quick Access| ! & | [
(& Project Explorer 52 5% ¥ = 0 @ Getting Started <o
~ £ proj lab11a [Active - Release] A~ 178 ~
& Binaries 17fivoid HAL_setupECAN(HAL_Handle handle){
 Includes 17 HAL_Obj *obj = (HAL_Obj *)handle;
1746
& Release 174/ ECAN_setTXIO(obj->ecanaHandle);
[ adec 174 ECAN_setRXIO(obj->ecanaHandle);
(& canc 17¢p // ECAN_setSCCmode(obj->ecanaHandle);
& dlarkec 17 ECAN_Mode (obj->ecanaHandle, eCANmode);
& clke L
& CodeStartBranchasm 17§ ECAN_disableAllMailbox(obj->ecanaHandle);
& cov.wsagec 171 ECAN_clearMSGCTRL (obj->ecanaHandle) ;
& cpu 174 ECAN_clearMSGID(obj->ecanaHandle);
& cpuc 17§ // ECAN_clearMDL(obj->ecanaHandle);
(& drv301.c 17§ // ECAN_clearMDH(obj->ecanaHandle);
& F28069F _ram_Inkcmd k%2 4
L F2806x_Headers_nonBIOS.cmd 17, ECAN_clearCANTA(obj->ecanaHandle) ;
& filter_fo.c 171 ECAN_clearCANRMP (obj->ecanaHandle) ;
& flashe 17 ECAN_clearCANGIF@(obj->ecanaHandle);
1741 ECAN_clearCANGIF1(obj->ecanaHandle);
& fwc 178
= gpio.c 17: ECAN_disableAllInt(obj->ecanaHandle);
G halc 1744 ECAN_confighasterReg(obj->ecanaHandle, Normal_operation, Power_normal, MSB, PDR_activity, Requests_normal, ABO_O, No_effect, Mailbox_NO);
& iparkc 178 ECAN_setBitrate(obj->ecanaHandle, Bitrate_500K); // 90 MHz SYSCLKOUT. 45 MHz CAN module clock Bit rate = 500 Kbps
& oscc 17
& pidc 1747 // ECAN_setBTCreg(obj->ecanaHandle, 0x0005038D); // sprac3s
& piec 1748 // ECAN_enableAllInt (obj->ecanaHandle);
1780 // ECAN_enableAllMailbox(obj->ecanaHandle);
&pllc 179p// ECAN_setMailboxDir(obj->ecanaHandle, OxFFFFO@0@); //Configure Mailboxes @-15 as Tx, 16-31 as Rx
& proj_labl1ac 174
(& pwm.c 179 ECAN_setMai obj- > le ); //Mailbox interrupt is disabled.
[& pwrc 17!
R spic Y MailBoxID Mask
& svgen_current.c 17¢ ECAN_configMailbox(obj->ecanaHandle, MailBox0, 6, Enable_Mbox, Tx_Dir, Standard ID, DLC_8, LAMI_O, Mask_is_used, @0x@000FF80);
- 17 ECAN_configMailbox(obj->ecanaHandle, MailBox16, 6, Enable_Mbox, Rx_Dir, Standard ID, DLC_8, LAMI_O, Mask_is_used, 0x0000FF80);
& svgenc 174/ ECAN_SelfTest(obj->ecanaHandle, Normal_mode);
[& timer.c 1743
(& traj.c 1
[& usDelay.asm 1000 1L cod o£ £22 v
[% userc
[& wdog.c 2 Console 2 G5B EE & ®MB Yy = O [ Pproblems X § Advice =
=4 2806xRevB_FastSpinROMSymbols.ib CDT Build Console [proj_lab11a] 0 errors, 1 waming, 0 others
2k EST getidq_pulib v Moo AT e/ O ToraTE 11015/ S ROOULES/ ST/ 07520/ TZSKIEST_ETIOAI x b cripion ~ Resource oth Location
< > v o< >

MO 43 Imatnmusna fmnbanuane 1 01 00 12 /culmadilac £2ct 115k /290 /£I20 [ECT minDruantd

Writable Smart Insert 1329:40

Figure A.106: Step 21: Add the following lines of code to hal.c.

Now the CAN interface is fully integrated in the project and ready to use. However the mailboxes
still need to be configured in the proj_labx.c code, where x is the lab in which the CAN module is
integrated.

A.7.1. .esysmem warning after building
It is possible that after building the project the following warning appears:

75

warning #10210-D: creating ”.esysmem” section with default size of 0x400;
use the -heap option to change the default size

ject Run Scripts Window Help.
BiR-iRidsif XD Quick Access

5 Project Explorer 53 B® v=08 =0 Eo.X BT =0
4 £ proj labl1a [Active - Release] A
> ! Binaries An outlineis not available.
> 8 Includes
> & Release
& sdec
b [g canc
(g clarke.c
> & cke
[8 CodeStertBranch.asm
> [ cpuusagec

» Lia F2806F ram Ink.cmd
& F2806x Headers_nonBIOS.cmd
> (& fiter fo.c
& flashc =
> [& fwe
» & gpioc
> [& halc
> (& iparkc
& oscc
> [& pide
& piec
> [ pll
[& proj lablla.c

b [ svgen_cumentc
& svgenc

b [gy timer.c
& trjc

> [ usDelayasm
[ userc

> [ wiog.c ( Advice 37 3o Call ierarchy 3 Type Hierarchy =0
& 2806Rev8_FastSpinROMSymbols b Sitems

| R »  Description Resource Path Location

© Console 37 4@ EEOK M B = 8 5 Problems 52 v=n
COT Buid Console [pro lebi1a] 0 errors, 2 wamings, 0 others

61 60 _getldq_pu.lib” ~ Description B Resource Path Location Toe
1_60_18/sw/modules/fast/1ib/32b/F28x/EST_runPoweriiarp. 1ib”

710100 +_Lnk. cnd .
. "1 61 00 (_eaders_nonBIos. cad” £10210-D creating ".esysme" section with default size of 0x400; use
<Linking> b The

warning #10210-D: creating ".esysmem” section with default size of 0x400; use
the -heap option to change the default size
*Finished building target: proj_lablla.out’

- 10
10

1/motorware/motorware,
1

proj lablla [
~623(C2000] proj labt1a properties Pro

=en Build Finished ***

&

Figure A.107: The .esysmem warning.

This can be resolved by doing the following:
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1. Go to Project and click on

&7 workspace_v7.1 - CCS Edit - Code Cor

Fie Edt View Navigste [Project] Run Scripts Window Help

o Bi& i NewCCSProject
= @  New Energia Sketch...
2 Project Exporer 57 e
4E projlabilia [Active -
Fhnarie BuidPrject
" 8 Incldes & sidAl as
> Release Build Configurations »
> [& adec
R Buid Working St ,
[& clarkec Clean.
& ke Build Automatclly
[% CodeStartBranchal  Show Build Settings...
b [ cpu_usagec
& cpoc &1 import CCS Projcts
> % dn830Lc ] Import Legacy CCS133 Projects...
2 F2B06SF_rom ok
» Lia F2806x Headers n e
" (& fiterfoc RTSC Tooks ,
[ flash.c @, Import Energia Sketch..
> R impor Energi Librares,
& gpioc b e 5
o (& hale C/Cr+ Index »
(& iparkc
b [ osec Properties
& pide
> @ piec
el
(& projlsblla.c
> [ pwme
& pore
b & spic
(& svgen_current.c
> [& svgen.c
, B timerc
[& troic
 [§ wDeloyasm
& userc
> [ wdog.c

=4 2806xRev8_FastSpinROMSymbols.ib

=3 FST netldn ol

© Console 2
COT Build Console [proj_labi1a]

* Build of configuration Release for project proj_lablla ===+

“C:\\ti\\cesu7\\utils\\bin\\guake” -k all
grake: Nothing to be done for 'all’.

=== Build Finished ***

(S projabila

Figure A.108:

“Show Build Settings...".

J Advice 37 e CallHierarchy T3 Type Hierarchy
Sitems

+ | Description

s e@EREx 8- -3--0

Resource Path

20 Problems 57
0 errors, 1 warning, 0 others
“ Description

5 Warnings (L item)

Step 1: Go to build settings.

Location

Resource Path

=8

Quick Access

= |@%

R @R =08

% ou

An outlineis not available,

Location v

2. In the build settings, open the "C2000 Linker” drop-down menu. In this menu select "Basic
Options”. At that moment the Heap Size is left empty. Fill in a hexadecimal number of at least
0x400, but preferably 0x800 or larger. Than click OK and the issue is resolved.

% worispace 7.1 - CCS it - Code Composer Studio T -

File Edit View Navigate Project

e BiR-iQits~is~
(25 Project Bxlorer 53
4 (& projlabl1a [Active - Release]
& Binaries
> 8 Includes
& Release
» @ adec
» & canc
[ clarkec
> [ cllc
(3 CodeStartBranch.asm
> [& cpu_usagec
[& cpuc
> [& dn30Lc
i F28069F.ram Ink.crd
» L F2806x Headers_nonBIOS.cmd
(& fiter foc
& flash.c
> & fwe
& gpioc
> [& hale
& iparkc
> [§ oscc
(& pide
o & piec
» & plle
(& proj_labia.c
> [& pame
& pwrc
> & spic
(& svoen_curentc
> & svgenc
» [ timere
& trajc
> [ usDelay.asm
& userc
> [& wdog.c
i 2806:Rer

= ST et

pinROMSymbols.ib
b

© Console 2
COT Build Console [proj_labi1a]

=== Build of configuration Release for project proj_lablla ===+

“C:\\ti\\cesu7\\utils\\bin\\guake” -k all
grake: Nothing to be done for 'all’.

=== Build Finished ***

(S projabila

Figure A.109: Step 2:

¥ Properties for proj_labl1a
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7i ccs Build
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© ot
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Set C system stack size (--stack size, -stack)

[9]Warn i an unspecifed output sction i created (--warn sections, -w)
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S(ProjNamel.out
S(Projame)map
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=3

) (Moo Contgtons

1#1 Problems 2
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“ Description
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Change the Heap Size in the build settings.

Resource Path
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Quick Access

= |@%
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®
An outline is not available. %
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user.h & user_jl.h code

B.1. user.h

#ifndef _USER_H_

#define _USER_H_

/* ——COPYRIGHT-—,BSD
Copyright (c) 2012, Texas Instruments Incorporated
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

*

*

*

*

x*

*

*

*

*

*

*

*

*

*

*x % Neither the name of Texas Instruments Incorporated nor the names of

*

*

*

* THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”

* AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO,

* THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

* PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

* CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

* EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,

* PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;

* OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,

* WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR

* OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,

* EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

* ——/COPYRIGHT— %/

//! \file solutions/instaspin_foc/boards/boostxldrv8301_revB/f28x/f2806xF/src/user.h

//! \brief Contains the public interface for user initialization data for the CTRL, HAL, and EST modules
]

//:’ (C) Copyright 2012, Texas Instruments, Inc.

// the includes

// modules

#include "“sw/modules/types/src/types.h”
#include "sw/modules/motor/src/32b/motor.h”
#include "sw/modules/est/src/32b/est.h”
#include "sw/modules/est/src/est_states.h”
#include "sw/modules/est/src/est_Flux_states.h”
#include "sw/modules/est/src/est_Ls_states.h”
#include "sw/modules/est/src/est_Rs_states.h”
#include "sw/modules/ctrl/src/32b/ctrl_obj.h”

// select whether to use the inverter on connector J1 or J5 of the LaunchPad
#define J1
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// platforms

#include "sw/modules/fast/src/32b/userParams.h”
#ifdef 15

#include "user_j5.h”

#else

#include "user_jl1.h"”

#endif

a
a
//! \defgroup USER USER
a
//@{

#ifdef __cplusplus
extern "C” {
#endif

/] KKKKKKKKKKKFKKKKKKKKKKKKKKKAKAKHKKHKK KKK KKK KK KK KK KKK KKK KKK KK KKK KHKHKKHKKKK
// the defines

//! \brief CURRENTS AND VOLTAGES

[/ KKEKAAAAKKKFKF KA KA KK KK KK KK KKK KKK KKK KKK I KK FKF KKK KKK KK KK KK KKK KKK KKK KKK

//! \brief Defines the voltage scale factor for the system

//! \brief Compile time calculation for scale factor (ratio) used throughout the system

#define USER_VOLTAGE_SF ((float_t) ((USER_ADC_FULL_SCALE_VOLTAGE_V)/(
USER_IQ_FULL_SCALE_VOLTAGE_V)))

//! \brief Defines the current scale factor for the system

//! \brief Compile time calculation for scale factor (ratio) used throughout the system

#define USER_CURRENT_SF ((float_t) ((USER_ADC_FULL_SCALE_CURRENT_A)/(
USER_IQ_FULL_SCALE_CURRENT_A)))

//! \brief CLOCKS & TIMERS

/] KKKKKAKFKFKKKKKKKK KKK KKK KK KKKAKHKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKHKKKKKKK KKK
//! \brief Defines the system clock frequency, MHz

#define USER_SYSTEM_FREQ_MHz (90.0)

//! \brief Defines the address of controller handle
a

#define USER_CTRL_HANDLE_ADDRESS  (0x13C40)
#define USER_CTRL_HANDLE_ADDRESS_1 (0x13D36)

//! \brief Defines the address of estimator handle
a

#define USER_EST_HANDLE_ADDRESS (0x13840)
#define USER_EST_HANDLE_ADDRESS_1 (0x13A3E)

//! \brief Defines the direct voltage (Vd) scale factor
/7!
#define USER_VD_SF (0.95)

//! \brief Defines the Pulse Width Modulation (PMM) period, usec
//! \brief Compile time calculation

#define USER_PWM_PERIOD_usec (1000.0/USER_PWM_FREQ_kHz)

//! \brief Defines the Interrupt Service Routine (ISR) frequency, Hz

/1!

#define USER_ISR_FREQ_Hz ((float_t)USER_PWM_FREQ kHz % 1000.0 / (float_t)

USER_NUM_PWM_TICKS_PER_ISR_TICK)

//! \brief Defines the Interrupt Service Routine (ISR) period, usec
/7!
#define USER_ISR_PERIOD_usec (USER_PWM_PERIOD_usec x (float_t)USER_NUM_PWM_TICKS_PER_ISR_TICK)

//! \brief DECIMATION

[/ FRKIKKIKKIKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KKK KKK KKK I KKK I KKK KKK KHKHK

//! \brief Defines the controller frequency, Hz

//! \brief Compile time calculation

#define USER_CTRL_FREQ_Hz (uint_least32_t)(USER_ISR_FREQ_Hz/USER_NUM_ISR_TICKS_PER_CTRL_TICK)

//! \brief Defines the estimator frequency, Hz
//! \brief Compile time calculation
#define USER_EST_FREQ_Hz (uint_least32_t)(USER_CTRL_FREQ_Hz/USER_NUM_CTRL_TICKS_PER_EST_TICK)

//! \brief Defines the trajectory frequency, Hz
//! \brief Compile time calculation
#define USER_TRAJ_FREQ_Hz (uint_least32_t)(USER_CTRL_FREQ_Hz/USER_NUM_CTRL_TICKS_PER_TRAJ_TICK)
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//! \brief Defines the controller execution period, usec
//! \brief Compile time calculation
#define USER_CTRL_PERIOD_usec (USER_ISR_PERIOD_usec * USER_NUM_ISR_TICKS_PER_CTRL_TICK)

//! \brief Defines the controller execution period, sec
//! \brief Compile time calculation
#define USER_CTRL_PERIOD_sec ((float_t)USER_CTRL_PERIOD_usec/( float_t)1000000.0)

//! \brief LIMITS

[/ KKKAAAAAK KKK KA KA KK KK KK KK KKK KKK KKK KKK KA A KK KKK KA KA KK KK KKK KKK KKK KKK

//! \brief Defines the maximum current slope for Id trajectory during PowerWarp

//! \brief For Induction motors only, controls how fast Id input can change under PowerWarp control

#define USER_MAX_CURRENT_SLOPE_POWERWARP  (0.3xUSER_MOTOR_RES_EST_CURRENT/USER_IQ_FULL_SCALE_CURRENT_A/
USER_TRAJ_FREQ_Hz) // 0.3%RES_EST_CURRENT / IQ_FULL_SCALE_CURRENT / TRAJ_FREQ Typical to produce 1-
sec rampup/down

//! \brief Defines the starting maximum acceleration AND deceleration for the speed profiles, Hz/s
//! \brief Updated in run—time through user functions

//! \brief Inverter, motor, inertia, and load will limit actual acceleration capability

#define USER_MAX_ACCEL_Hzps (20.0) // 20.0 Default

//! \brief Defines maximum acceleration for the estimation speed profiles, Hz/s
//! \brief Only used during Motor ID (commission)
#define USER_MAX_ACCEL_EST_Hzps (5.0) // 5.0 Default, don’t change

//! \brief Defines the maximum current slope for Id trajectory during estimation

#define USER_MAX_CURRENT_SLOPE (USER_MOTOR_RES_EST_CURRENT/USER_IQ_FULL_SCALE_CURRENT_A/
USER_TRAJ_FREQ_Hz) // USER_MOTOR_RES_EST_CURRENT/USER_IQ_FULL_SCALE_CURRENT_A/USER_TRAJ_FREQ_Hz
Default, don’t change

//! \brief Defines the fraction of IdRated to use during rated flux estimation
a
#define USER_IDRATED_FRACTION_FOR_RATED_FLUX (1.0) // 1.0 Default, don’t change

//! \brief Defines the fraction of IdRated to use during inductance estimation
a

#défine USER_IDRATED_FRACTION_FOR_L_IDENT (1.0) // 1.0 Default, don’t change
//! \brief Defines the IdRated delta to use during estimation

4(1;’afine USER_IDRATED_DELTA (0.00002)

//! \brief Defines the fraction of SpeedMax to use during inductance estimation
4(/:Iilfine USER_SPEEDMAX_FRACTION_FOR_L_IDENT (1.0) // 1.0 Default, don’t change
//! \brief Defines flux fraction to use during inductance identification

4{iéfine USER_FLUX_FRACTION (1.0) // 1.0 Default, don’t change

//! \brief Defines the PowerWarp gain for computing Id reference
//! \brief Induction motors only
#define USER_POWERWARP_GAIN (1.0) // 1.0 Default, don’t change

//! \brief POLES

/] KKKKKAKFK KK KK KKKHKKKK KKK KKK KKKHKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKHKKKKKKKKKK

//! \brief Defines the analog voltage filter pole location, rad/s

//! \brief Compile time calculation from Hz to rad/s

#define USER_VOLTAGE_FILTER_POLE_rps (2.0 x MATH_PI x USER_VOLTAGE_FILTER_POLE_Hz)

//! \brief Defines the software pole location for the voltage and current offset estimation, rad/s
//! \brief Should not be changed from default of (20.0)
#define USER_OFFSET_POLE_rps (20.0) // 20.0 Default, do not change

//! \brief Defines the software pole location for the flux estimation, rad/s
//! \brief Should not be changed from default of (100.0)
#define USER_FLUX_POLE_rps (100.0) // 100.0 Default, do not change

//! \brief Defines the software pole location for the direction filter, rad/s
#define USER_DIRECTION_POLE_rps (6.0) // 6.0 Default, do not change

//! \brief Defines the software pole location for the speed control filter , rad/s
#define USER_SPEED_POLE_rps (100.0) // 100.0 Default, do not change

//! \brief Defines the software pole location for the DC bus filter , rad/s
#define USER_DCBUS_POLE_rps (100.0) // 100.0 Default, do not change

//! \brief Defines the convergence factor for the estimator
//! \brief Do not change from default for FAST
#define USER_EST_KAPPAQ (1.5) // 1.5 Default, do not change

[/ FKKKKAKKKIK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK
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// end the defines

//! \brief USER MOTOR & ID SETTINGS
/] KKKKKAKKKFKKKKKKKKKK KKK KKK KKK KKK KKK KK KKK KK KKK KKK KKK KKK KKK KKKKKKKKKK KKK
// this section defined in user_jl.h or user_j5.h

#ifndef USER_MOTOR
#error Motor is not defined in user.h
#endif

#ifndef USER_MOTOR_TYPE
#error The motor type is not defined in user.h
#endif

#ifndef USER_MOTOR_NUM_POLE_PAIRS
#error Number of motor pole pairs is not defined in user.h
#endif

#ifndef USER_MOTOR_Rr
#error The rotor resistance is not defined in user.h
#endif

#ifndef USER_MOTOR_Rs
#error The stator resistance is not defined in user.h
#endif

#ifndef USER_MOTOR_Ls_d
#error The direct stator inductance is not defined in user.h
#endif

#ifndef USER_MOTOR_Ls_q
#error The quadrature stator inductance is not defined in user.h
#endif

#ifndef USER_MOTOR_RATED_FLUX
#error The rated flux of motor is not defined in user.h
#endif

#ifndef USER_MOTOR_MAGNETIZING_CURRENT
#error The magnetizing current is not defined in user.h
#endif

#ifndef USER_MOTOR_RES_EST_CURRENT
#error The resistance estimation current is not defined in user.h
#endif

#ifndef USER_MOTOR_IND_EST_CURRENT
#error The inductance estimation current is not defined in user.h
#endif

#ifndef USER_MOTOR_MAX_CURRENT
#error The maximum current is not defined in user.h
#endif

#ifndef USER_MOTOR_FLUX_EST_FREQ_Hz
#error The flux estimation frequency is not defined in user.h
#endif

//
// the functions

//! \brief Sets the user parameter values
//! \param[in] pUserParams The pointer to the user param structure
extern void USER_setParams(USER_Params xpUserParams);

//! \brief Checks for errors in the user parameter values
//! \param[in] pUserParams The pointer to the user param structure
extern void USER_checkForErrors (USER_Params xpUserParams);

//! \brief Gets the error code in the user parameters

//! \param[in] pUserParams The pointer to the user param structure
//! \return The error code

extern USER_ErrorCode_e USER_getErrorCode (USER_Params xpUserParams);

//! \brief Sets the error code in the user parameters
//! \param[in] pUserParams The pointer to the user param structure
//! \param[in] errorCode The error code

extern void USER_setErrorCode (USER_Params xpUserParams,const USER_ErrorCode_e errorCode);
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//! \brief Recalculates Inductances with the correct Q Format
//! \param[in] handle The controller (CTRL) handle
extern void USER_softwareUpdatelp6(CTRL_Handle handle);

//! \brief Updates Id and Iq PI gains
//! \param[in] handle The controller (CTRL) handle
extern void USER_calcPIgains(CTRL_Handle handle);

//! \brief Computes the scale factor needed to convert from torque created by Ld, Lq, Id and Ig, from
per unit to Nm

//! \return The scale factor to convert torque from (Ld — Lq) x Id x Iq from per unit to Nm, in IQ24
format

extern _iq USER_computeTorque_Ls_Id_Iq_pu_to_Nm_sf(void);

//! \brief Computes the scale factor needed to convert from torque created by flux and Iq, from per
unit to Nm
//! \return The scale factor to convert torque from Flux x Iq from per unit to Nm, in IQ24 format

extern _iq USER_computeTorque_Flux_Iq_pu_to_Nm_sf(void);

//! \brief Computes the scale factor needed to convert from per unit to Wb
//! \return The scale factor to convert from flux per unit to flux in Wb, in IQ24 format
extern _iq USER_computeFlux_pu_to_Wb_sf(void);

//! \brief Computes the scale factor needed to convert from per unit to V/Hz
//! \return The scale factor to convert from flux per unit to flux in V/Hz, in 1IQ24 format
extern _iq USER_computeFlux_pu_to_VpHz_sf(void);

//! \brief Computes Flux in Wb or V/Hz depending on the scale factor sent as parameter

//! \param[in] handle The controller (CTRL) handle

//! \param[in] sf The scale factor to convert flux from per unit to Wb or V/Hz

//! \return The flux in Wb or V/Hz depending on the scale factor sent as parameter, in IQ24 format

extern _iq USER_computeFlux(CTRL_Handle handle, const _iq sf);

//! \brief Computes Torque in Nm

//! \param[in] handle The controller (CTRL) handle

//! \param[in] torque_Flux_sf The scale factor to convert torque from (Ld — Lq) * Id % Iq from per unit
to Nm

//! \param[in] torque_Ls_sf The scale factor to convert torque from Flux x Iq from per unit to Nm

//! \return The torque in Nm, in IQ24 format

extern _iq USER_computeTorque_Nm(CTRL_Handle handle, const _iq torque_Flux_sf, const _iq torque_Ls_sf);

//! \brief Computes Torque in Ibin

//! \param[in] handle The controller (CTRL) handle

//! \param[in] torque_Flux_sf The scale factor to convert torque from (Ld — Lq) * Id % Iq from per unit
to Ibin

//! \param[in] torque_Ls_sf The scale factor to convert torque from Flux x Iq from per unit to Ibin

//! \return The torque in Ibin, in IQ24 format

extern _iq USER_computeTorque_lbin(CTRL_Handle handle, const _iq torque_Flux_sf, const _iq torque_Ls_sf);

#ifdef __cplusplus
¥
#endif // extern "C”

//@} // ingroup
#endif // end of _USER_H_ definition
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B.2. user jl.h

1 #ifndef _USER_J1_H_

#define _USER_J1_H_

/* ——COPYRIGHT-—,BSD
Copyright (c) 2012, Texas Instruments Incorporated
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

x Neither the name of Texas Instruments Incorporated nor the names of
its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

21

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS ”“AS IS”

AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO,

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,

PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;

OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,

WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR

OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,

EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

——/COPYRIGHT— %/

26

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
31 *
*
*

//! \file solutions/instaspin_foc/boards/boostxldrv8301_revB/f28x/f2806xF/src/user_j1.h

6 //! \brief Contains the public interface for user initialization data for the CTRL, HAL, and EST modules
a
//! (C) Copyright 2012, Texas Instruments, Inc.

a // KoK Kok Kok Kok Kok KoKk
// the includes

a
46 //! \defgroup USER USER

=

#ifdef __cplusplus
extern "C” {
#endif

/] KKKKKKKKKKKKKKKKKKKK KKK KKKAKAKHKIHKI KKK KIK IR KK KKK KK KAKAKK KK KKK KHKKKKHKKKK
s6 // the defines

//! \brief CURRENTS AND VOLTAGES

[/ KKKARAFKFKF KA KA KK KK KK KK KKK KKK KKK KKK KKI KK FK KKK KA KA KK KK KK KKK KKK KKK KKK

//! \brief Defines the full scale frequency for IQ variable, Hz

//! \brief All frequencies are converted into (pu) based on the ratio to this value

//! \brief this value MUST be larger than the maximum speed that you are expecting from the motor

#define USER_IQ_FULL_SCALE_FREQ_Hz (800.0) // 800 Example with buffer for 8-pole 6 KRPM motor to
be run to 10 KRPM with field weakening; Hz =(RPM x Poles) / 120

=2

//! \brief Defines full scale value for the IQ30 variable of Voltage inside the system
66 //! \brief All voltages are converted into (pu) based on the ratio to this value
//! \brief WARNING: this value MUST meet the following condition: USER_IQ FULL_SCALE_VOLTAGE_V > 0.5 x
USER_MOTOR_MAX_CURRENT % USER_MOTOR_Ls d % USER_VOLTAGE_FILTER_POLE rps,
//! \brief WARNING: otherwise the value can saturate and roll-over, causing an inaccurate value
//! \brief WARNING: this value is OFTEN greater than the maximum measured ADC value, especially with high
Bemf motors operating at higher than rated speeds
//! \brief WARNING: if you know the value of your Bemf constant, and you know you are operating at a
multiple speed due to field weakening, be sure to set this value higher than the expected Bemf
voltage
71 //! \brief It is recommended to start with a value ~3x greater than the USER_ADC_FULL_SCALE_VOLTAGE_V and
increase to 4-5x if scenarios where a Bemf calculation may exceed these limits
//! \brief This value is also used to calculate the minimum flux value: USER_IQ FULL_SCALE_VOLTAGE_V/
USER_EST_FREQ_Hz/0.7
#define USER_IQ_FULL_SCALE_VOLTAGE_V (24.0) // 24.0 Example for boostxldrv8301_revB typical usage
and the Anaheim motor
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//! \brief Defines the maximum voltage at the input to the AD converter

//! \brief The value that will be represented by the maximum ADC input (3.3V) and conversion (OFFFh)
//! \brief Hardware dependent, this should be based on the voltage sensing and scaling to the ADC input
#define USER_ADC_FULL_SCALE_VOLTAGE_V (26.314) // 26.314 boostxldrv8301_revB voltage scaling

//! \brief Defines the full scale current for the IQ variables, A

//! \brief All currents are converted into (pu) based on the ratio to this value

//! \brief WARNING: this value MUST be larger than the maximum current readings that you are expecting
from the motor or the reading will roll over to 0, creating a control issue

#define USER_IQ_FULL_SCALE_CURRENT_A (20.0) // 20.0 Example for boostxldrv8301_revB typical usage

//! \brief Defines the maximum current at the AD converter

//! \brief The value that will be represented by the maximum ADC input (3.3V) and conversion (OFFFh)
//! \brief Hardware dependent, this should be based on the current sensing and scaling to the ADC input
#define USER_ADC_FULL_SCALE_CURRENT_A (33.0) // 33.0 boostxldrv8301_revB current scaling

//! \brief Defines the number of current sensors used

//! \brief Defined by the hardware capability present

//! \brief May be (2) or (3)

#define USER_NUM_CURRENT_SENSORS (3) // 3 Preferred setting for best performance across full
speed range, allows for 100% duty cycle

//! \brief Defines the number of voltage (phase) sensors
//! \brief Must be (3)
#define USER_NUM_VOLTAGE_SENSORS (3) // 3 Required

//! \brief ADC current offsets for A, B, and C phases

//! \brief One-time hardware dependent, though the calibration can be done at run-time as well

//! \brief After initial board calibration these values should be updated for your specific hardware so
they are available after compile in the binary to be loaded to the controller

#define I_A_offset (0.8331743479)

#define I_B_offset (0.8355930448)

#define I_C_offset (0.8392037153)

//! \brief ADC voltage offsets for A, B, and C phases

//! \brief One-time hardware dependent, though the calibration can be done at run—time as well

//! \brief After initial board calibration these values should be updated for your specific hardware so
they are available after compile in the binary to be loaded to the controller

#define V_A_offset (0.5271264911)

#define V_B_offset (0.5257175565)

#define V_C_offset (0.5249399543)

//! \brief CLOCKS & TIMERS

[/ KFKAKAKIKFKFKFKI KK KK KK KK KKK KKK KK KKK KKK I IR IR KKK KA KA KK KK KK KKK KKK KKK KKK

//! \brief Defines the Pulse Width Modulation (PWM) frequency, kHz

//! \brief PAMM frequency can be set directly here up to 30 KHz safely (60 KHz MAX in some cases)

//! \brief For higher PAM frequencies (60 KHz+ typical for low inductance, high current ripple motors) it
is recommended to use the ePWM hardware

//! \brief and adjustable ADC SOC to decimate the ADC conversion done interrupt to the control system, or
to use the software Que example.

//! \brief Otherwise you risk missing interrupts and disrupting the timing of the control state machine

#define USER_PWM_FREQ_kHz (45.0) //30.0 Example, 8.0 — 30.0 KHz typical; 45-80 KHz may be
required for very low inductance, high speed motors

//! \brief Defines the maximum Voltage vector (Vs) magnitude allowed. This value sets the maximum
magnitude for the output of the

//! \brief Id and Iq PI current controllers. The Id and Iq current controller outputs are Vd and \q.

//! \brief The relationship between Vs, Vd, and Vq is: Vs = sqrt(vVd~2 + Vg~2). 1In this FOC controller,
the

//! \brief Vd value is set equal to USER_MAX_VS_MAG+USER_VD_MAG_FACTOR. Vq = sqrt(USER_MAX_VS_MAG"2 - vd
~2).

//! \brief Set USER_MAX_VS_MAG = 0.5 for a pure sinewave with a peak at SQRT(3)/2 = 86.6% duty cycle. No
current reconstruction is needed for this scenario.

//! \brief Set USER_MAX_VS _MAG = 1/SQRT(3) = 0.5774 for a pure sinewave with a peak at 100% duty cycle.
Current reconstruction will be needed for this scenario (Labl0a-x).

//! \brief Set USER_MAX_VS_MAG = 2/3 = 0.6666 to create a trapezoidal voltage waveform. Current
reconstruction will be needed for this scenario (Labl0Oa-x).

//! \brief For space vector over—modulation, see lab 10 for details on system requirements that will allow
the SVM generator to go all the way to trapezoidal.

#define USER_MAX_VS_MAG_PU (0.5) // Set to 0.5 if a current reconstruction technique is not used

Look at the module svgen_current in labl0a-x for more info.

//! \brief DECIMATION

/] KKKAKAKKKKKFKKKFKKKK KKK KKK KKK KKK KK KKK KKK KK KKK KKK KKK KKK KKK KKKKKKKKKK KKK
//! \brief Defines the number of pwm clock ticks per isr clock tick

/]! Note: Valid values are 1, 2 or 3 only

#define USER_NUM_PWM_TICKS_PER_ISR_TICK (3)

//! \brief Defines the number of isr ticks (hardware) per controller clock tick (software)
//! \brief Controller clock tick (CTRL) is the main clock used for all timing in the software
//! \brief Typically the PMM Frequency triggers (can be decimated by the ePWM hardware for less overhead)
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an ADC SOC

//! \brief ADC SOC triggers an ADC Conversion Done

//! \brief ADC Conversion Done triggers ISR

//! \brief This relates the hardware ISR rate to the software controller rate

//! \brief Typcially want to consider some form of decimation (ePWM hardware, CURRENT or EST) over 16KHz
ISR to insure interrupt completes and leaves time for background tasks

#define USER_NUM_ISR_TICKS_PER_CTRL_TICK (1) // 2 Example, controller clock rate (CTRL) runs at
PW / 2; ex 30 KHz PWM, 15 KHz control

//! \brief Defines the number of controller clock ticks per current controller clock tick

//! \brief Relationship of controller clock rate to current controller (FOC) rate

#define USER_NUM_CTRL_TICKS_PER_CURRENT_TICK (1) // 1 Typical, Forward FOC current controller (Iq/
Id/IPARK/SVPWM) runs at same rate as CTRL.

//! \brief Defines the number of controller clock ticks per estimator clock tick

//! \brief Relationship of controller clock rate to estimator (FAST) rate

//! \brief Depends on needed dynamic performance, FAST provides very good results as low as 1 KHz while
more dynamic or high speed applications may require up to 15 KHz

#define USER_NUM_CTRL_TICKS_PER_EST_TICK (1) // 1 Typical, FAST estimator runs at same rate as
CTRL;

//! \brief Defines the number of controller clock ticks per speed controller clock tick

//! \brief Relationship of controller clock rate to speed loop rate

#define USER_NUM_CTRL_TICKS_PER_SPEED_TICK (15) // 15 Typical to match PWM, ex: 15KHz PWM, controller,
and current loop, 1KHz speed loop

//! \brief Defines the number of controller clock ticks per trajectory clock tick

//! \brief Relationship of controller clock rate to trajectory loop rate

//! \brief Typically the same as the speed rate

#define USER_NUM_CTRL_TICKS_PER_TRAJ_TICK (15) // 15 Typical to match PWM, ex: 10KHz controller &
current loop, 1KHz speed loop, 1 KHz Trajectory

//! \brief LIMITS

[/ KKEKAAARKAK KKK KA KA KK KK KK KK KKK KKK KKK KKK KIK KA KKK KA KA KK KK KK KKK KKK KK KKK

//! \brief Defines the maximum negative current to be applied in Id reference

//! \brief Used in field weakening only, this is a safety setting (e.g. to protect against demagnetization

//! \brief User must also be aware that overall current magnitude [sqrt(Id"2 + Iq”~2)] should be kept below
any machine design specifications

#define USER_MAX_NEGATIVE_ID_REF_CURRENT_A (-0.5 x USER_MOTOR_MAX_CURRENT) // -0.5 %
USER_MOTOR_MAX_CURRENT Example, adjust to meet safety needs of your motor

//! \brief Defines the R/L estimation frequency, Hz

//! \brief User higher values for low inductance motors and lower values for higher inductance
//! \brief motors. The values can range from 100 to 300 Hz.

#define USER_R_OVER_L_EST_FREQ_Hz (300) // 300 Default

//! \brief Defines the low speed limit for the flux integrator, pu

//! \brief This is the speed range (CW/CCW) at which the ForceAngle object is active, but only if Enabled

//! \brief Outside of this speed — or if Disabled — the ForcAngle will NEVER be active and the angle is
provided by FAST only

#define USER_ZEROSPEEDLIMIT (0.5 / USER_IQ_FULL_SCALE_FREQ_Hz) // 0.002 pu, 1-5 Hz typical; Hz =
USER_ZEROSPEEDLIMIT x USER_IQ_FULL_SCALE_FREQ_Hz

//! \brief Defines the force angle frequency, Hz

//! \brief Frequency of stator vector rotation used by the ForceAngle object

//! \brief Can be positive or negative

#define USER_FORCE_ANGLE_FREQ Hz (2.0 * USER_ZEROSPEEDLIMIT x USER_IQ_FULL_SCALE_FREQ_Hz) // 1.0
Typical force angle start—up speed

//! \brief POLES

[/ FKKIKAKKHKKFKK KKK KKK KKK KKK KA KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK

//! \brief Defines the analog voltage filter pole location, Hz

//! \brief Must match the hardware filter for Vph

#define USER_VOLTAGE_FILTER_POLE_Hz (364.682) // 364.682, value for boostxldrv8301_revB hardware

//! \brief USER MOTOR & ID SETTINGS
//

//! \brief Define each motor with a unique name and ID number
// BLDC & SMPM motors

#define Estun_EMJ]_04APB22 101
#define Anaheim_BLY172S 102
#define Tamagawa_A0100 103
#define Teknic_M2310PLN04K 104
#define Drone_A2212_1000KV 105
#define Drone_A2313_960KV 106

// IPM motors
// If user provides separate Ls-d, Ls—q
// else treat as SPM with user or identified average Ls
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#define
#define

// ACIM motors

#define

/7!

Belt_Drive_Washer_IPM 201
Anaheim_Salient 202
Marathon_5K33GN2A 301

\brief Uncomment the motor which should be included at compile

//! \brief These motor ID settings and motor parameters are then available to be used by the control
system

/7!

available in the binary code
//#define USER_MOTOR Estun_EMJ_04APB22

#define

//#define
//#define
//#define
//#define
//#define
//#define

#if (USER_MOTOR ==

#define

USER_MOTOR Anaheim_BLY172S
USER_MOTOR Tamagawa_A0100
USER_MOTOR Drone_A2313_ 960KV
USER_MOTOR Teknic_M2310PLN04K
USER_MOTOR
USER_MOTOR
USER_MOTOR

Marathon_5K33GN2A
Anaheim_Salient

Estun_EMJ]_04APB22)
USER_MOTOR_TYPE

\brief Once your ideal settings and parameters are identified update the motor section here so it is

Belt_Drive_Washer_IPM

// Name must match the motor #define

MOTOR_Type_Pm // Motor_Type_Pm (All Synchronous: BLDC, PMSM, SMPM

, IPM) or Motor_Type_Induction (Asynchronous ACI)

#define

USER_MOTOR_NUM_POLE_PAIRS

RPM from rotor Hz only

#define
#define

equivalent circuit (Ohms,

#define

Henry,

#define

Henry,

#define

USER_MOTOR_Rr

USER_MOTOR_Rs

float)
USER_MOTOR _Ls_d

float)

USER_MOTOR_Ls_q

float)
USER_MOTOR_RATED_FLUX

and the stator (V/Hz)

#define
#define

) used for Rs estimation,

#define

Amperes,

#define

USER_MOTOR_MAGNETIZING_CURRENT
USER_MOTOR_RES_EST_CURRENT

USER_MOTOR_IND_EST_CURRENT

USER_MOTOR_MAX_CURRENT

(4) // PAIRS, not total poles. Used to calculate user
(NULL) // Induction motors only, else NULL
(2.303403) // Identified phase to neutral resistance in a Y

(0.008464367) //

//

For PM, Identified average stator inductance (

(0.008464367) For PM, Identified average stator inductance (

(0.38) // Identified TOTAL flux linkage between the rotor
(NULL) // Induction motors only, else NULL
(1.0) // During Motor ID, maximum current (Amperes, float

10-20% rated current

(-1.0) //

During Motor ID, maximum current (negative

float) used for Ls estimation, use just enough to enable rotation

(3.82) // CRITICAL: Used during ID and run-time, sets a

limit on the maximum current command output of the provided Speed PI Controller to the Iq controller

#define

USER_MOTOR_FLUX_EST_FREQ_Hz

float), ~10% rated

#elif (USER_MOTOR ==

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define
to
#define
of
#define
to
#define

Anaheim_BLY172S)
USER_MOTOR_TYPE
USER_MOTOR_NUM_POLE_PAIRS
USER_MOTOR_Rr

USER_MOTOR_Rs
USER_MOTOR_Ls_d

USER_MOTOR _Ls_q
USER_MOTOR_RATED_FLUX
USER_MOTOR_MAGNETIZING_CURRENT
USER_MOTOR_RES_EST_CURRENT
USER_MOTOR_IND_EST_CURRENT
USER_MOTOR_MAX_CURRENT
USER_MOTOR_FLUX_EST_FREQ_Hz
IPD_HFI_EXC_FREQ_HZ
IPD_HFI_LP_SPD_FILT_HZ
IPD_HFI_HP_IQ_FILT_HZ
IPD_HFI_KSPD
IPD_HFI_EXC_MAG_COARSE_PU
IPD_HFI_EXC_MAG_FINE_PU
IPD_HFI_EXC_TIME_COARSE_S
IPD_HFI_EXC_TIME_FINE_S
AFSEL_FREQ_HIGH_PU
AFSEL_FREQ_LOW_PU
AFSEL_IQ_SLOPE_EST
AFSEL_IQ_SLOPE_HFI
AFSEL_IQ_SLOPE_THROTTLE_DWN
AFSEL_MAX_IQ_REF_EST
AFSEL_MAX_IQ_REF_HFI

USER_MOTOR_FREQ_LOW

10% of rated motor frequency
USER_MOTOR_FREQ_HIGH

rated motor frequency
USER_MOTOR_FREQ_MAX

120% of rated motor frequency
USER_MOTOR_VOLT_MIN

to 15% of rated motor voltage

#define

USER_MOTOR_VOLT_MAX

to 100% of rated motor voltage

(20.0) // During Motor ID, maximum commanded speed (Hz,

MOTOR_Type_Pm
(4)

(NULL)
(0.4110007)
(0.0007092811)
(0.0007092811)
(0.03279636)

(NULL)

(1.0)

(-1.0)

(5.0)

(20.0)

(750.0) // excitation frequency, Hz

(35.0) // lowpass filter cutoff frequency, Hz

(100.0) // highpass filter cutoff frequency, Hz

(15.0) // the speed gain value

(0.13) // coarse IPD excitation magnitude, pu

(0.12) // fine IPD excitation magnitude, pu

(0.5) // coarse wait time, sec max 0.64

(0.5) // fine wait time, sec max 0.4

(_IQ(15.0 / USER_IQ_FULL_SCALE_FREQ Hz))

(_IQ(10.0 / USER_IQ_FULL_SCALE_FREQ_Hz))

(_IQ((float)(1.0/0.1/USER_ISR_FREQ_Hz)))

(_IQ((float)(1.0/10.0/USER_ISR_FREQ_Hz)))

(_ IQ((roat)(l 0/0.05/USER_ISR_FREQ_Hz)))

(_1Q(0.6))

(_1Q(0.6))
(10.0) // Hz — suggested to set

(100.0) // Hz — suggested to set to 100%

(120.0) // Hz — suggested to set
(3.0) // Volt — suggested to set
(18.0) // Volt — suggested to set
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#elif (USER_MOTOR == Tamagawa_A0100)
#define USER_MOTOR_TYPE

#define USER_MOTOR_NUM_POLE_PAIRS
#define USER_MOTOR_Rr

#define USER_MOTOR_Rs

#define USER_MOTOR_Ls_d

#define USER_MOTOR_Ls_q

#define USER_MOTOR_RATED_FLUX
#define USER_MOTOR_MAGNETIZING_CURRENT
#define USER_MOTOR_RES_EST_CURRENT
#define USER_MOTOR_IND_EST_CURRENT
#define USER_MOTOR_MAX_CURRENT
#define USER_MOTOR_FLUX_EST_FREQ_Hz
#define IPD_HFI_EXC_FREQ_HZ
#define IPD_HFI_LP_SPD_FILT_HZ
#define IPD_HFI_HP_IQ_FILT_HZ
#define IPD_HFI_KSPD

#define IPD_HFI_EXC_MAG_COARSE_PU
#define IPD_HFI_EXC_MAG_FINE_PU
#define IPD_HFI_EXC_TIME_COARSE_S
#define IPD_HFI_EXC_TIME_FINE_S
#define AFSEL_FREQ_HIGH_PU

#define AFSEL_FREQ_LOW_PU

#define AFSEL_IQ_SLOPE_EST

#define AFSEL_IQ_SLOPE_HFI

#define AFSEL_IQ SLOPE_THROTTLE_DWN
#define AFSEL_MAX_IQ_REF_EST
#define AFSEL_MAX_IQ_REF_HFI

#elif (USER_MOTOR ==
#define USER_MOTOR_TYPE

#define USER_MOTOR_NUM_POLE_PAIRS
#define USER_MOTOR_Rr

#define USER_MOTOR_Rs

#define USER_MOTOR_Ls_d

#define USER_MOTOR_Ls_q

#define USER_MOTOR_RATED_FLUX
#define USER_MOTOR_MAGNETIZING_CURRENT
#define USER_MOTOR_RES_EST_CURRENT
#define USER_MOTOR_IND_EST_CURRENT
#define USER_MOTOR_MAX_CURRENT
#define USER_MOTOR_FLUX_EST_FREQ_Hz
#define IPD_HFI_EXC_FREQ_HZ
#define IPD_HFI_LP_SPD_FILT_HZ
#define IPD_HFI_HP_IQ_FILT_HZ
#define IPD_HFI_KSPD

#define IPD_HFI_EXC_MAG_COARSE_PU
#define IPD_HFI_EXC_MAG_FINE_PU
#define IPD_HFI_EXC_TIME_COARSE_S
#define IPD_HFI_EXC_TIME_FINE_S
#define AFSEL_FREQ_HIGH_PU

#define AFSEL_FREQ_LOW_PU

#define AFSEL_IQ_SLOPE_EST

#define AFSEL_IQ_SLOPE_HFI

#define AFSEL_IQ_SLOPE_THROTTLE_DWN
#define AFSEL_MAX_IQ_REF_EST
#define AFSEL_MAX_IQ_REF_HFI

#elif (USER_MOTOR == Drone_A2313_960KV)
#define USER_MOTOR_TYPE

#define USER_MOTOR_NUM_POLE_PAIRS
#define USER_MOTOR_Rr

#define USER_MOTOR_Rs

#define USER_MOTOR_Ls_d

#define USER_MOTOR_Ls_q

#define USER_MOTOR_RATED_FLUX
#define USER_MOTOR_MAGNETIZING_CURRENT
#define USER_MOTOR_RES_EST_CURRENT
#define USER_MOTOR_IND_EST_CURRENT
#define USER_MOTOR_MAX_CURRENT
#define USER_MOTOR_FLUX_EST_FREQ_Hz
#define IPD_HFI_EXC_FREQ_HZ
#define IPD_HFI_LP_SPD_FILT_HZ
#define IPD_HFI_HP_IQ_FILT_HZ
#define IPD_HFI_KSPD

#define IPD_HFI_EXC_MAG_COARSE_PU
#define IPD_HFI_EXC_MAG_FINE_PU
#define IPD_HFI_EXC_TIME_COARSE_S
#define IPD_HFI_EXC_TIME_FINE_S
#define AFSEL_FREQ_HIGH_PU

#define AFSEL_FREQ_LOW_PU

#define AFSEL_IQ_SLOPE_EST

#define AFSEL_IQ_SLOPE_HFI

Drone_A2212_1000KV)

MOTOR_Type_Pm
(4)

(NULL)
(0.262230158)
(0.000459346687)
(0.000459346687)
(0.0484918393)

(NULL)

(1.0)

(-1.0)

(5.0)

(20.0)

(750.0) // excitation frequency, Hz

(35.0) // lowpass filter cutoff frequency, Hz
(100.0) // highpass filter cutoff frequency, Hz
(15.0) // the speed gain value

(0.13) // coarse IPD excitation magnitude, pu
(0.12) // fine IPD excitation magnitude, pu
(0.5) // coarse wait time, sec max 0.64

(0.5) // fine wait time, sec max 0.4
(_IQ(15.0 / USER_IQ_FULL_SCALE_FREQ_Hz))

(_1Q(10.0 / USER_IQ_FULL_SCALE_FREQ Hz))
(_IQ((float)(1.0/0.1/USER_ISR_FREQ_Hz)))
(_IQ((float)(1.0/10.0/USER_ISR_FREQ_Hz)))
(_IQ((float)(1.0/0.05/USER_ISR_FREQ_Hz)))

(_1Q(0.6))

(_1Q(0.6))

MOTOR_Type_Pm
(4)

(NULL)
(0.4110007)
(0.0007092811)
(0.0007092811)
(0.03279636)

(NULL)

(1.0)

(-1.0)

(5.0)

(20.0)

(750.0) // excitation frequency, Hz

(35.0) // lowpass filter cutoff frequency, Hz
(100.0) // highpass filter cutoff frequency, Hz
(15.0) // the speed gain value

(0.13) // coarse IPD excitation magnitude, pu
(0.12) // fine IPD excitation magnitude, pu
(0.5) // coarse wait time, sec max 0.64
(0.5) // fine wait time, sec max 0.4
(_IQ(15.0 / USER_IQ_FULL_SCALE_FREQ Hz))

(_IQ(10.0 / USER_IQ_FULL_SCALE_FREQ Hz))
(_IQ((float)(1.0/0.1/USER_ISR_FREQ_Hz)))
(_IQ((float)(1.0/10.0/USER_ISR_FREQ_Hz)))
(_IQ((float)(1.0/0.05/USER_ISR_FREQ_Hz)))

(_1Q(0.6))

(_1Q(0.6))

MOTOR_Type_Pm

(4)

(NULL)

(0.4110007)
(0.0007092811)
(0.0007092811)
(0.03279636)

(NULL)

(1.0)

(-1.0)

(5.0)

(20.0)

(750.0) // excitation frequency, Hz

(35.0) // lowpass filter cutoff frequency, Hz
(100.0) // highpass filter cutoff frequency, Hz
(15.0) // the speed gain value

(0.13) // coarse IPD excitation magnitude, pu
(0.12) // fine IPD excitation magnitude, pu
(0.5) // coarse wait time, sec max 0.64

(0.5) // fine wait time, sec max 0.4
(_IQ(15.0 / USER_IQ_FULL_SCALE_FREQ Hz))

(_IQ(10.0 / USER_IQ_FULL_SCALE_FREQ_Hz))
(_IQ((float)(1.0/0.1/USER_ISR_FREQ_Hz)))
(_IQ((float)(1.0/10.0/USER_ISR_FREQ_Hz)))
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#define AFSEL_IQ SLOPE_THROTTLE_DWN
#define AFSEL_MAX_IQ REF_EST
#define AFSEL_MAX_IQ_REF_HFI

#elif (USER_MOTOR == Anaheim_Salient)

to 15.0 KHz
#define USER_MOTOR_TYPE
#define USER_MOTOR_NUM_POLE_PAIRS (4)
#define USER_MOTOR_Rr (NULL)

#define USER_MOTOR_Rs

#define
#define

AFSEL_IQ_SLOPE_THROTTLE_DWN
AFSEL_MAX_IQ_REF_EST

MOTOR_Type_Pm

(0.1215855)

(_IQ((float)(1.0/0.05/USER_ISR_FREQ_Hz)))
(_1Q(0.6))
(_1Q(0.6))

// When using IPD_HFI, set decimation to 1 and PWM

// Enter amperes(float)
// Enter negative amperes(float)

// excitation frequency, Hz
// lowpass filter cutoff frequency, Hz
// highpass filter cutoff frequency, Hz
// the speed gain value
// coarse IPD excitation magnitude, pu
// fine IPD excitation magnitude, pu

// coarse

wait time, sec max 0.64

// fine wait time, sec max 0.4

#define USER_MOTOR_Ls_d (0.0002298828)
#define USER_MOTOR_Ls_ (0.0002298828)
#define USER_MOTOR_RATED_FLUX (0.04821308)
#define USER_MOTOR_MAGNETIZING_CURRENT ~ (NULL)
#define USER_MOTOR_RES_EST_CURRENT (2.0)
#define USER_MOTOR_IND_EST_CURRENT (-0.5)
#define USER_MOTOR_MAX_CURRENT (10.0)
#define USER_MOTOR_FLUX_EST_FREQ_Hz (20.0)
#define IPD_HFI_EXC_FREQ_HZ (750.0)
#define IPD_HFI_LP_SPD_FILT_HZ (35.0)
#define IPD_HFI_HP_IQ FILT_HZ (100.0)
#define IPD_HFI_KSPD (15.0)
#define IPD_HFI_EXC_MAG_COARSE_PU (0.13)
#define IPD_HFI_EXC_MAG_FINE_PU (0.12)
#define IPD_HFI_EXC_TIME_COARSE_S (0.5)
#define IPD_HFI_EXC_TIME_FINE_S (0.5)
#define AFSEL_FREQ_HIGH_PU (_19¢(
#define AFSEL_FREQ LOW_PU (C19¢(
#define AFSEL_IQ_SLOPE_EST (Z19¢(
#define AFSEL_IQ_SLOPE_HFI (C19¢(

(_1Q(

(_1Q(

(_1Q(

#define AFSEL_MAX_IQ_REF_HFI

#elif (USER_MOTOR == Teknic_M2310PLNO04K)

#define USER_MOTOR_TYPE

#define USER_MOTOR_NUM_POLE_PAIRS (4)
#define USER_MOTOR_Rr (NULL)
#define USER_MOTOR_Rs

#define USER_MOTOR_Ls_d

#define USER_MOTOR_Ls_

#define USER_MOTOR_RATED_FLUX

#define USER_MOTOR_MAGNETIZING_CURRENT  (NULL)
#define USER_MOTOR_RES_EST_CURRENT (1.0)
#define USER_MOTOR_IND_EST_CURRENT (-0.5)
#define USER_MOTOR_MAX_CURRENT (7.0)
#define USER_MOTOR_FLUX_EST_FREQ_Hz (20.0)

#elif (USER_MOTOR

#define USER_MOTOR_TYPE MOTOR_Type_Pm
#define USER_MOTOR_NUM_POLE_PAIRS (4)
#define USER_MOTOR_Rr (NULL)
#define USER_MOTOR_Rs (2.832002)
#define USER_MOTOR_Ls_d (0.0115)
#define USER_MOTOR_Ls_ (0.0135)
#define USER_MOTOR_RATED_FLUX (0.5022156)
#define USER_MOTOR_MAGNETIZING_CURRENT ~ (NULL)
#define USER_MOTOR_RES_EST_CURRENT (1.0)
#define USER_MOTOR_IND_EST_CURRENT (-1.0)
#define USER_MOTOR_MAX_CURRENT (4.0)
#define USER_MOTOR_FLUX_EST_FREQ_Hz (20.0)

#elif (USER_MOTOR == Marathon_5K33GN2A)
#define USER_MOTOR_TYPE

Belt_Drive_Washer_IPM)

MOTOR_Type_Pm

(0.3918252)
(0.00023495)
(0.00023495)
(0.03955824)

MOTOR_Type_Induction

5.0 / USER_IQ_FULL_SCALE_FREQ_Hz))
0.0 / USER_IQ_FULL_SCALE_FREQ_Hz))
float)(1.0/0.1/USER_ISR_FREQ_Hz)))
float)(1.0/10.0/USER_ISR_FREQ_Hz)))
float)(1.0/0.05/USER_ISR_FREQ_Hz)))

// Name must match the motor #define

/!

, SMPM, IPM) or Motor_Type_Induction (Asynchronous ACI)
#define USER_MOTOR_NUM_POLE_PAIRS (2)

user RPM from rotor Hz only

#define USER_MOTOR_Rr (5.508003)
equivalent circuit (Ohms, float)

#define USER_MOTOR_Rs (10.71121)
equivalent circuit (Ohms, float)

#define USER_MOTOR_Ls_d
inductance (Henry,
#define USER_MOTOR_Ls_q
inductance (Henry, float)
#define USER_MOTOR_RATED_FLUX
Freq (Hz)
#define USER_MOTOR_MAGNETIZING_CURRENT
induction motors, else NULL
#define USER_MOTOR_RES_EST_CURRENT

float)

(0.5)

(0.05296588)
(0.05296588)
(0.8165%220.0/60.0)

(1.378)

//
/!
1/
/!
/!
//
/!
!/

float) used for Rs estimation, 10-20% rated current

#define USER_MOTOR_IND_EST_CURRENT
#define USER_MOTOR_MAX_CURRENT

(NULL)
(2.0)

//

Motor_Type_Pm (All Synchronous: BLDC, PMSM
PAIRS, not total poles. Used to calculate
Identified phase to neutral in a Y
Identified phase to neutral in a Y

For Induction, Identified average stator
For Induction, Identified average stator
sqrt(2/3)* Rated V (line—line) / Rated
Identified magnetizing current for

During Motor ID, maximum current (Amperes,

not used for induction

/ CRITICAL: Used during ID and run-time,
sets a limit on the maximum current command output of the provided Speed PI Controller to the Iqg
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controller
#define USER_MOTOR_FLUX_EST_FREQ_Hz (5.0) // During Motor ID, maximum commanded speed (
Hz, float). Should always use 5 Hz for Induction.
#else
#error No motor type specified
441 #endif

#ifdef __cplusplus
}
#endif // extern "C”
446
//@} // ingroup
#endif // end of _USER_J1_H_ definition
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proj_lablla.c

/* ——COPYRIGHT--,BSD
Copyright (c) 2015, Texas Instruments Incorporated

All rights reserved.

*

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES,; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,

* EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

* ——/COPYRIGHT— %/

//! \file solutions/instaspin_foc/src/proj_lab01la.c

//! \brief A Feature Rich Example without Controller Module

a

//! (C) Copyright 2015, Texas Instruments, Inc.

*
*
*
*
*
*
*
*
x*
*
*
*
*
*
* % Neither the name of Texas Instruments Incorporated nor the names of
*
*
*
*
*
*
*
*
*
*
*
*
*

//! \defgroup PROJ_LAB11A PROJ_LAB11A
/7@t

//! \defgroup PROJ_LAB11A_OVERVIEW Project Overview
/7!
//! A Feature Rich Example without Controller Module
/7!

/] KKKKKAKFKKKFHKKKKKKKK KKK KKK KKKKKKKKK KKK KKK KKK KK KK KKKK KKK KKK KKKKKKKKKKKKKK
// the includes

// system includes
#include <math.h>
#include "main.h”

#ifdef FLASH

#pragma CODE_SECTION(mainISR, “ramfuncs”);

#pragma CODE_SECTION(runSetTrigger , “ramfuncs”);

#pragma CODE_SECTION(runFieldWeakening , “ramfuncs”);
#pragma CODE_SECTION(runCurrentReconstruction, “ramfuncs”);
#pragma CODE_SECTION(angleDelayComp, “ramfuncs”);

#endif
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// Include header files used in the main function

KKKk Kk kKKK Kk kKKK KkKK: Kk kKKK kKKK

//
// the defines

/] KKKKKKKKK KK KKK KKKKKK KK KK KKKHKHIHKKHKK KKK KKK KKK KK KKK KKK KKK KKK KKHKAKKKKKKKKK
// the globals

CLARKE_Handle clarkeHandle_I; //!< the handle for the current Clarke transform

CLARKE_Obj clarke_I; //!< the current Clarke transform object

CLARKE_Handle clarkeHandle_V; //!< the handle for the voltage Clarke transform

CLARKE_Obj clarke_V; //!< the voltage Clarke transform object

CPU_USAGE_Handle cpu_usageHandle;

CPU_USAGE_Obj cpu_usage;

EST_Handle estHandle; //!< the handle for the estimator

FW_Handle fwHandle;

FW_Obj fw;

PID_Obj pid[3]; //!< three handles for PID controllers 0 — Speed, 1 — Id, 2
- Ig

PID_Handle pidHandle[3]; //!< three objects for PID controllers 0 — Speed, 1 — Id, 2
- Ig

uintl6_t pidCntSpeed; //!< count variable to decimate the execution of the speed
PID controller

IPARK_Handle iparkHandle; //!< the handle for the inverse Park transform

IPARK_Obj ipark; //!< the inverse Park transform object

FILTER_FO_Handle filterHandle[6]; //!< the handles for the 3-current and 3-voltage filters for
offset calculation

FILTER_FO_Obj filter[6]; //!< the 3-current and 3-voltage filters for offset
calculation

SVGENCURRENT_Obj svgencurrent;

SVGENCURRENT_Handle svgencurrentHandle;

SVGEN_Handle svgenHandle; //!< the handle for the space vector generator

SVGEN_Obj svgen; //!< the space vector generator object

TRAJ_Handle trajHandle_Id; //!< the handle for the id reference trajectory

TRAJ_Obj traj_Id; //!< the id reference trajectory object

TRAJ_Handle trajHandle_spd; //!< the handle for the speed reference trajectory

TRAJ_Obj traj_spd; //!< the speed reference trajectory object

#ifdef CSM_ENABLE
#pragma DATA_SECTION(halHandle , “rom_accessed_data”);

#endif
HAL_Handle halHandle; //!< the handle for the hardware abstraction layer (HAL)
HAL_PwmbData_t gPwmbData = {_IQ(0.0), _IQ(0.0), _IQ(0.0)}; //!< contains the three pwm values -1.0 —

0%, 1.0 — 100%

HAL_AdcData_t gAdcData; //!< contains three current values, three voltage values and
one DC buss value

MATH_vec3 gOffsets_I_pu = {_IQ(0.0), _IQ(0.0), _IQ(0.0)}; //!< contains the offsets for the current
feedback

MATH_vec3 gOffsets_V_pu = {_IQ(0.0), _IQ(0.0), _IQ(0.0)}; //!< contains the offsets for the voltage
feedback

MATH_vec2 gldg_ref_pu = {_1Q(0.0), _IQ(0.0)}; //!< contains the Id and Iq references

MATH_vec2 gVdg_out_pu = {_IQ(0.0), _IQ(0.0)}; //!< contains the output Vd and Vq from
the current controllers

MATH_vec2 gldg_pu = {_1Q(0.0), _IQ(0.0)}; //!< contains the Id and Iq measured

values

#ifdef CSM_ENABLE

#pragma DATA_SECTION(gUserParams, “rom_accessed_data”);
#endif

USER_Params gUserParams;

volatile MOTOR_Vars_t gMotorVars = MOTOR_Vars_INIT; //!< the global motor variables that are defined in
main.h and used for display in the debugger’s watch window

#ifdef FLASH
// Used for running BackGround in flash, and ISR in RAM
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extern uintl6_t xRamfuncsLoadStart, xRamfuncsLoadEnd, xRamfuncsRunStart;

#ifdef CSM_ENABLE

extern uintl6_t xeconst_start, xeconst_end, xeconst_ram_load;
extern uintl6_t xswitch_start, xswitch_end, xswitch_ram_load;
#endif

#endif

MATH_vec3 glavg = {_IQ(0.0), _IQ(0.0), _IQ(0.0)};
uintl6_t glavg_shift = 1;
MATH_vec3 gPwmbData_prev = {_IQ(0.0), _IQ(0.0), _IQ(0.0)};

#ifdef DRV8301_SPI

// Watch window interface to the 8301 SPI
DRV_SPI_8301_Vars_t gDrvSpi8301Vars;
#endif

#ifdef DRV8305_SPI

// Watch window interface to the 8305 SPI
DRV_SPI_8305_Vars_t gDrvSpi8305Vars;
#endif

_iq gFlux_pu_to_Wb_sf;

_iq gFlux_pu_to_VpHz_sf;

_iq gTorque_Ls_Id_Iq_pu_to_Nm_sf;

_iq gTorque_Flux_Ig_pu_to_Nm_sf;

_iq gSpeed_krpm_to_pu_sf = _IQ(( float_t )USER_MOTOR_NUM_POLE_PAIRS % 1000.0 / (USER_IQ_FULL_SCALE_FREQ_Hz x
60.0));

_iq gSpeed_hz_to_krpm_sf = _IQ(60.0 / (float_t)USER_MOTOR_NUM_POLE_PAIRS / 1000.0);

_iq gIs_Max_squared_pu = _IQ((USER_MOTOR_MAX_CURRENT % USER_MOTOR_MAX_CURRENT) / (
USER_IQ_FULL_SCALE_CURRENT_A * USER_IQ_FULL_SCALE_CURRENT_A));

float_t gCpuUsagePercentageMin = 0.0;
float_t gCpuUsagePercentageAvg = 0.0;
float_t gCpuUsagePercentageMax = 0.0;

uint32_t gOffsetCalcCount = 0;

uintl6_t gTrjCnt = 0;

volatile bool gFlag_enableRsOnLine = false;
volatile bool gFlag_updateRs = false;
volatile _iq gRsOnLineFreq_Hz = _IQ(0.2);
volatile _iqg gRsOnLineld_mag_A = _IQ(0.5);
volatile _iq gRsOnLinePole_Hz = _IQ(0.2);

[/ FRKIKKIKKIKK KK KKK KKK KKK KA KKK KKK KKK KKK KKK KKK KKK KKK I KK I KK I KK I KKK KKK KHK
// the functions
void main(void)
{
// Only used if running from FLASH
// Note that the variable FLASH is defined by the project
#ifdef FLASH
// Copy time critical code and Flash setup code to RAM
// The RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
// symbols are created by the linker. Refer to the linker files.
memCopy ((uint16_t x)&RamfuncsLoadStart,(uint16_t x)&RamfuncsLoadEnd,(uintl6_t x)&RamfuncsRunStart);

#ifdef CSM_ENABLE
//copy .econst to unsecure RAM
if(xeconst_end — xeconst_start)
memCopy ((uintl6_t x)&econst_start,(uintl6_t x)&econst_end,(uintl6_t x)&econst_ram_load);
//copy .switch ot unsecure RAM
if(xswitch_end — xswitch_start)

memCopy ((uint16_t x)&switch_start,(uintl6_t x)&switch_end,(uint16_t x)&switch_ram_load);

#endif
#endif
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// initialize the hardware abstraction layer
halHandle = HAL_init(&hal, sizeof(hal));

// check for errors in user parameters
USER_checkForErrors(&gUserParams);

// store user parameter error in global variable
gMotorVars. UserErrorCode = USER_getErrorCode(&gUserParams);

// do not allow code execution if there is a user parameter error
if (gMotorVars. UserErrorCode != USER_ErrorCode_NoError)

for(;;)

gMotorVars.Flag_enableSys = false;
}
¥

// initialize the Clarke modules
clarkeHandle_I = CLARKE_init(&clarke_I ,sizeof(clarke_I));
clarkeHandle_V = CLARKE_init(&clarke_V ,sizeof(clarke_V));

// initialize the estimator
estHandle = EST_init((void %)USER_EST_HANDLE_ADDRESS, 0x200);

// initialize the user parameters
USER_setParams(&gUserParams);

// set the hardware abstraction layer parameters
HAL_setParams(halHandle ,&gUserParams);

#ifdef FAST_ROM_V1p6
{
CTRL_Handle ctrlHandle = CTRL_init((void x)USER_CTRL_HANDLE_ADDRESS, 0x200);
CTRL_Obj xobj = (CTRL_Obj x)ctrlHandle;
obj—>estHandle = estHandle;

// initialize the estimator through the controller
CTRL_setParams(ctrlHandle ,&gUserParams);
CTRL_setUserMotorParams(ctrlHandle);
CTRL_setupEstldleState(ctrlHandle);

¥

#else

// initialize the estimator
EST_setEstParams(estHandle ,&gUserParams);
EST_setupEstldleState (estHandle);

¥
#endif

// disable Rs recalculation by default
gMotorVars. Flag_enableRsRecalc = true;
EST_setFlag_enableRsRecalc(estHandle, false);

// configure RsOnLine

EST_setFlag_enableRsOnLine(estHandle ,gFlag_enableRsOnLine);

EST_setFlag_updateRs(estHandle , gFlag_updateRs);

EST_setRsOnLineAngleDelta_pu(estHandle ,_IQmpy(gRsOnLineFreq_Hz, _IQ(1.0/USER_ISR_FREQ_Hz)));
EST_setRsOnLineld_mag_pu(estHandle ,_IQmpy(gRsOnLineld_mag_A, _IQ(1.0/USER_IQ_FULL_SCALE_CURRENT_A)));

// Calculate coefficients for all filters

_iqg b0 = _IQmpy(gRsOnLinePole_Hz, _IQ(1.0/USER_ISR_FREQ _Hz));

_ig al = b0 - _IQ(1.0);
EST_setRsOnLineFilterParams (estHandle ,EST_RsOnLineFilterType_Current ,b0,al,_IQ(0.0),b0,al,_IQ(0.0));
EST_setRsOnLineFilterParams(estHandle ,EST_RsOnLineFilterType_Voltage ,b0,al,_IQ(0.0),b0,al,_IQ(0.0));
// set the number of current sensors

setupClarke_I(clarkeHandle_I ,USER_NUM_CURRENT_SENSORS);

// set the number of voltage sensors
setupClarke_V (clarkeHandle_V ,USER_NUM_VOLTAGE_SENSORS) ;

// set the pre—determined current and voltage feeback offset values
gOffsets_I_pu.value[0] _IQ(I_A_offset);
gOffsets_I_pu.value[1] _IQ(I_B_offset);
gOffsets_I_pu.value[2] _IQ(I_C_offset);
gOffsets_V_pu.value[0] _IQ(V_A_offset);
gOffsets_V_pu.value[1] _IQ(V_B_offset);
gOffsets_V_pu.value[2] _IQ(V_C_offset);



// initialize the PID controllers

{
_iqg maxCurrent_pu = _IQ(USER_MOTOR_MAX_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A);
_iq maxVoltage_pu = _IQ(USER_MAX_VS_MAG_PU x USER_VD_SF);
float_t fullScaleCurrent = USER_IQ_FULL_SCALE_CURRENT_A;
float_t fullScaleVoltage = USER_IQ_FULL_SCALE_VOLTAGE_V;
float_t IsrPeriod_sec = 1.0 / USER_ISR_FREQ_Hz;
float_t Ls_d = USER_MOTOR_Ls_d;
float_t Ls_q = USER_MOTOR_Ls_q;
float_t Rs = USER_MOTOR_Rs;
float_t RoverLs_d = Rs/Ls_d;
float_t RoverlLs_q = Rs/Ls_q;

_iq Kp_Id = _IQ((0.25%Ls_dxfullScaleCurrent)/(IsrPeriod_secxfullScaleVoltage));
_iq Ki_Id = _IQ(RoverLs_dxIsrPeriod_sec);
_iq Kp_Iq = _IQ((0.25%Ls_gxfullScaleCurrent)/(IsrPeriod_secxfullScaleVoltage));
_iq Ki_Ig = _IQ(RoverLs_gxIsrPeriod_sec);

pidHandle[0] = PID_init(&pid[0],sizeof(pid[0]));
pidHandle[1] = PID_init(&pid[1],sizeof(pid[1]));
pidHandle[2] = PID_init(&pid[2],sizeof(pid[2]));

PID_setGains(pidHandle[0],_IQ(1.0),_IQ(0.01),_IQ(0.0));
PID_setMinMax(pidHandle[0], —maxCurrent_pu, maxCurrent_pu);
PID_setUi(pidHandle[0],_IQ(0.0));

pidCntSpeed = 0;

PID_setGains(pidHandle[1],Kp_Id,Ki_Id,_IQ(0.0));
PID_setMinMax(pidHandle[1], —maxVoltage_pu, maxVoltage_pu);
PID_setUi(pidHandle[1],_IQ(0.0));

PID_setGains(pidHandle[2],Kp_Iq,Ki_Iq,_IQ(0.0));
PID_setMinMax(pidHandle[2],_IQ(0.0),_IQ(0.0));
PID_setUi(pidHandle[2],_1IQ(0.0));

¥

// initialize the speed reference in kilo RPM where base speed is USER_IQ_FULL_SCALE_FREQ Hz
gMotorVars.SpeedRef_krpm = _IQmpy(_IQ(10.0), gSpeed_hz_to_krpm_sf);

// initialize the inverse Park module
iparkHandle = IPARK_init(&ipark ,h sizeof(ipark));

// initialize and configure offsets using filters

uintl6é_t cnt = 0;

_iq b0 = _IQ(gUserParams. offsetPole_rps/(float_t)gUserParams.ctrlFreq_Hz);
_iq al = (b0 — _IQ(1.0));

_iq bl = _1Q(0.0);

for(cnt=0;cnt<6;cnt++)

filterHandle[cnt] = FILTER_FO_init(&filter[cnt],sizeof(filter[0]));

FILTER_FO_setDenCoeffs(filterHandle[cnt],al);

FILTER_FO_setNumCoeffs(filterHandle[cnt],b0,bl);

FILTER_FO_setInitialConditions(filterHandle[cnt],_IQ(0.0),_IQ(0.0));
¥

gMotorVars. Flag_enableOffsetcalc = false;

}

// initialize the space vector generator module
svgenHandle = SVGEN_init(&svgen, sizeof(svgen));

// Initialize and setup the 100% SVM generator
svgencurrentHandle = SVGENCURRENT_init(&svgencurrent , sizeof(svgencurrent));

// setup svgen current

float_t minWidth_microseconds = 2.0;

uintl16_t minWidth_counts = (uintl16_t)(minWidth_microseconds x USER_SYSTEM_FREQ_MHz);
float_t fdutyLimit = 0.5—-(2.0xminWidth_microsecondsxUSER_PWM_FREQ_kHz%0.001);

_iq dutyLimit = _IQ(fdutyLimit);

SVGENCURRENT_setMinWidth(svgencurrentHandle , minWidth_counts);
SVGENCURRENT_setIgnoreShunt(svgencurrentHandle, use_all);
SVGENCURRENT_setMode(svgencurrentHandle , all_phase_measurable);
SVGENCURRENT_setVlimit(svgencurrentHandle ,dutyLimit);

}

// set overmodulation to maximum value
gMotorVars.OverModulation = _IQ(USER_MAX_VS_MAG_PU);

// initialize the speed reference trajectory
trajHandle_spd = TRAJ_init(&traj_spd , sizeof(traj_spd));

// configure the speed reference trajectory
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TRAJ_setTargetValue(trajHandle_spd,_IQ(0.0));
TRAJ_setIntValue(trajHandle_spd,_IQ(0.0))
TRAJ_setMinValue(trajHandle_spd,_IQ(-1.0))

))
R

’

TRAJ_setMaxValue(trajHandle_spd,_IQ(1.0
TRAJ_setMaxDelta(trajHandle_spd , _IQ(USE

);

// initialize the Id reference trajectory
trajHandle_Id = TRAJ_init(&traj_Id , sizeof(traj_Id));

MAX_ACCEL_Hzps / USER_IQ_FULL_SCALE_FREQ_Hz / USER_ISR_FREQ Hz)

i f (USER_MOTOR_TYPE == MOTOR_Type_Pm)

// configure the Id reference trajectory

TRAJ_setTargetValue(trajHandle_Id,_IQ(0.0));

TRAJ_setIntValue(trajHandle_Id ,_IQ(0.0));

TRAJ_setMinValue(trajHandle_Id , _IQ(—USER_MOTOR_MAX_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A));

TRAJ_setMaxValue(trajHandle_Id ,_IQ(USER_MOTOR_MAX_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A));

TRAJ_setMaxDelta(trajHandle_Id ,_IQ(USER_MOTOR_RES_EST_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A /
USER_ISR_FREQ_Hz));

// Initialize field weakening

fwHandle = FW_init(&fw, sizeof(fw));

FW_setFlag_enableFw(fwHandle, false); // Disable field weakening

FW_clearCounter(fwHandle); // Clear field weakening counter

FW_setNumIsrTicksPerFwTick (fwHandle, FW_NUM_ISR_TICKS_PER_CTRL_TICK); // Set the number of ISR per
field weakening ticks

FW_setDeltas (fwHandle, FW_INC_DELTA, FW_DEC_DELTA); // Set the deltas of field weakening

FW_setOutput(fwHandle, _IQ(0.0)); // Set initial output of field weakening to zero

FW_setMinMax (fwHandle , _IQ (USER_MAX_NEGATIVE_ID_REF_CURRENT_A/USER_IQ_FULL_SCALE_CURRENT_A),_IQ(0.0))
; // Set the field weakening controller limits

else

// configure the Id reference trajectory

TRAJ_setTargetValue(trajHandle_Id,_IQ(0.0));

TRAJ_setIntValue(trajHandle_Id ,_IQ(0.0));

TRAJ_setMinValue(trajHandle_Id,_IQ(0.0));

TRAJ_setMaxValue(trajHandle_Id , _IQ(USER_MOTOR_MAGNETIZING_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A));
TRAJ_setMaxDelta(trajHandle_Id , _IQ(USER_MOTOR_MAGNETIZING_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A /

USER_ISR_FREQ_Hz));
¥

// initialize the CPU usage module
cpu_usageHandle = CPU_USAGE_init(&cpu_usage, sizeof (cpu_usage));
CPU_USAGE_setParams(cpu_usageHandle,
HAL_getTimerPeriod (halHandle ,1), // timer period, cnts
(uint32_t)USER_ISR_FREQ_Hz); // average over 1 second of ISRs

// setup faults
HAL_setupFaults(halHandle);

// initialize the interrupt vector table
HAL_initIntVectorTable(halHandle);

// enable the ADC interrupts
HAL_enableAdcInts(halHandle);

// enable global interrupts
HAL_enableGlobalInts(halHandle);

// enable debug interrupts
HAL_enableDebugInt(halHandle);

// disable the PWMM
HAL_disablePwm(halHandle);

// compute scaling factors for flux and torque calculations
gFlux_pu_to_Wb_sf = USER_computeFlux_pu_to_Wb_sf();

gFlux_pu_to_VpHz_sf = USER_computeFlux_pu_to_VpHz_sf();
gTorque_Ls_Id_Iq_pu_to_Nm_sf = USER_computeTorque_Ls_Id_Iq_pu_to_Nm_sf();
gTorque_Flux_Iq_pu_to_Nm_sf = USER_computeTorque_Flux_Iq_pu_to_Nm_sf();

// enable the system by default
gMotorVars. Flag_enableSys = true;

#ifdef DRV8301_SPI
// turn on the DRV8301 if present
HAL_enableDrv(halHandle);
// initialize the DRV8301 interface
HAL_setupDrvSpi(halHandle ,&gDrvSpi8301Vars);
#endif

#ifdef DRV8305_SPI
// turn on the DRV8305 if present
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HAL_enableDrv(halHandle);

// initialize the DRV8305 interface

HAL_setupDrvSpi(halHandle ,&gDrvSpi8305Vars);
#endif

// Begin the background loop
for(;;)
{

// Waiting for enable system flag to be set
while (! (gMotorVars. Flag_enableSys));

// loop while the enable system flag is true
while(gMotorVars. Flag_enableSys)

if (gMotorVars.Flag_Run_Identify)
{
// disable Rs recalculation
EST_setFlag_enableRsRecalc(estHandle, false);

// update estimator state
EST_updateState (estHandle ,0);

#ifdef FAST_ROM_V1p6
// call this function to fix 1p6
softwareUpdatelp6 (estHandle);
#endif

// enable the PWM
HAL_enablePwm(halHandle);

// set trajectory target for speed reference
TRAJ_setTargetValue(trajHandle_spd ,_IQmpy(gMotorVars.SpeedRef_krpm, gSpeed_krpm_to_pu_sf));

i f (USER_MOTOR_TYPE == MOTOR_Type_Pm)
{

// set trajectory target for Id reference
TRAJ_setTargetValue(trajHandle_Id,gldq_ref_pu.value[0]);
}
else

if (gMotorVars.Flag_enablePowerWarp)
{

_iq Id_target_pw_pu = EST_runPowerWarp(estHandle , TRAJ_getIntValue(trajHandle_Id),
gldg_pu.value[1]);

TRAJ_setTargetValue(trajHandle_Id ,Id_target_pw_pu);

TRAJ_setMinValue(trajHandle_Id ,_IQ(USER_MOTOR_MAGNETIZING_CURRENT x 0.3 /
USER_IQ_FULL_SCALE_CURRENT_A));

TRAJ_setMaxDelta(trajHandle_Id , _IQ(USER_MOTOR_MAGNETIZING_CURRENT x 0.3 /
USER_IQ_FULL_SCALE_CURRENT_A / USER_ISR_FREQ_Hz));

// set trajectory target for Id reference

TRAJ_setTargetValue(trajHandle_Id , _IQ(USER_MOTOR_MAGNETIZING_CURRENT /
USER_IQ_FULL_SCALE_CURRENT_A));

TRAJ_setMinValue(trajHandle_Id ,_IQ(0.0));

TRAJ_setMaxDelta(trajHandle_Id ,_IQ(USER_MOTOR_MAGNETIZING_CURRENT /
USER_IQ_FULL_SCALE_CURRENT_A / USER_ISR_FREQ_Hz));

¥
else if(gMotorVars.Flag_enableRsRecalc)

// set angle to zero
EST_setAngle_pu(estHandle,_IQ(0.0));

// enable or disable Rs recalculation
EST_setFlag_enableRsRecalc(estHandle, true);

// update estimator state
EST_updateState(estHandle ,0);

#ifdef FAST_ROM_V1p6
// call this function to fix 1p6
softwareUpdatelp6 (estHandle);
#endif

// enable the PWM
HAL_enablePwm( halHandle);

// set trajectory target for speed reference
TRAJ_setTargetValue(trajHandle_spd,_IQ(0.0));

// set trajectory target for Id reference
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TRAJ_setTargetValue(trajHandle_Id , _IQ(USER_MOTOR_RES_EST_CURRENT /
USER_IQ_FULL_SCALE_CURRENT_A));
541
// if done with Rs recalculation, disable flag
if (EST_getState(estHandle) == EST_State_OnLine) gMotorVars.Flag_enableRsRecalc = false;
else
546 {
// set estimator to Idle
EST_setldle(estHandle);
// disable the PWM
551 if (!gMotorVars. Flag_enableOffsetcalc) HAL_disablePwm(halHandle);
// clear the speed reference trajectory
TRAJ_setTargetValue(trajHandle_spd,_IQ(0.0));
TRAJ_setIntValue(trajHandle_spd,_IQ(0.0));
556
// clear the Id reference trajectory
TRAJ_setTargetValue(trajHandle_Id,_IQ(0.0));
TRAJ_setIntValue(trajHandle_Id,_IQ(0.0));
561 // configure trajectory Id defaults depending on motor type
if (USER_MOTOR_TYPE == MOTOR_Type_Pm)
TRAJ_setMinValue(trajHandle_Id , _IQ(—USER_MOTOR_MAX_CURRENT / USER_IQ_FULL_SCALE_CURRENT_A)
)i
TRAJ_setMaxDelta(trajHandle_Id , _IQ(USER_MOTOR_RES_EST_CURRENT /
USER_IQ_FULL_SCALE_CURRENT_A / USER_ISR_FREQ Hz));
566 }
else
TRAJ_setMinValue(trajHandle_Id ,_IQ(0.0));
TRAJ_setMaxDelta(trajHandle_Id , _IQ(USER_MOTOR_MAGNETIZING_CURRENT /
USER_IQ_FULL_SCALE_CURRENT_A / USER_ISR_FREQ_Hz));
571 ¥
// clear integral outputs
PID_setUi(pidHandle[0],_IQ(0.0));
PID_setUi(pidHandle[1],_1Q(0.0));
576 PID_setUi(pidHandle[2],_1Q(0.0));
// clear Id and Iq references
gldqg_ref_pu.value[0] = _IQ(0.0);
gldq_ref_pu.value[1] = _IQ(0.0);
581
// disable RsOnLine flags
gFlag_enableRsOnLine = false;
gFlag_updateRs = false;
586 // disable PowerWarp flag
gMotorVars.Flag_enablePowerWarp = false;
}
// update the global variables
591 updateGlobalVariables(estHandle);
// set field weakening enable flag depending on user’s input
FW_setFlag_enableFw (fwHandle ,gMotorVars. Flag_enableFieldWeakening);
59 // set the speed acceleration

TRAJ_setMaxDelta(trajHandle_spd ,_IQmpy(MAX_ACCEL_KRPMPS_SF, gMotorVars

// update CPU usage
updateCPUusage () ;

601
updateRsOnLine(estHandle);

// enable/disable the forced angle
EST_setFlag_enableForceAngle (estHandle ,gMotorVars. Flag_enableForceAngle);
606
#ifdef DRV8301_SPI
HAL_writeDrvData (halHandle ,&gDrvSpi8301Vars);

HAL_readDrvData(halHandle ,&gDrvSpi8301Vars);
611 #endif
#ifdef DRV8305_SPI
HAL_writeDrvData (halHandle ,&gDrvSpi8305Vars);

HAL_readDrvData(halHandle ,&gDrvSpi8305Vars);
616 #endif

} // end of while(gFlag_enableSys) loop

.MaxAccel_krpmps));
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// disable the PWM
621 HAL_disablePwm (halHandle);

gMotorVars. Flag_Run_Identify = false;
} // end of for(;;) loop
} // end of main() function
626

//! \brief The main ISR that implements the motor control.
interrupt void mainISR(void)

631 _iq angle_pu = _IQ(0.0);
_iq speed_pu = _IQ(0.0);
_iq oneOverDcBus;
MATH_vec2 Iab_pu;
MATH_vec2 Vab_pu;

636 MATH_vec2 phasor;
uint32_t timerlCnt;

// read the timer 1 value and update the CPU usage module
timeriCnt = HAL_readTimerCnt(halHandle,1);
641 CPU_USAGE_updateCnts(cpu_usageHandle , timer1Cnt);

// acknowledge the ADC interrupt
HAL_acgAdcInt(halHandle ,ADC_IntNumber_1);

646 // convert the ADC data
HAL_readAdcDataWithOffsets (halHandle ,&gAdcData);

// remove offsets

gAdcData.I.value[0] = gAdcData.I.value[0] — gOffsets_I_pu.value[0];
651 gAdcData.I.value[1] = gAdcData.I.value[1l] — gOffsets_I_pu.value[1l];
gAdcData.I.value[2] = gAdcData.I.value[2] - gOffsets_I_pu.value[2];
gAdcData.V.value[0] = gAdcData.V.value[0] — gOffsets_V_pu.value[0];
gAdcData.V.value[1] = gAdcData.V.value[1] — gOffsets_V_pu.value[1];
gAdcData.V.value[2] = gAdcData.V.value[2] - gOffsets_V_pu.value[2];

656
// run the current reconstruction algorithm
runCurrentReconstruction () ;

// run Clarke transform on current
661 CLARKE_run(clarkeHandle_I ,&gAdcData.I,&Iab_pu);

// run Clarke transform on voltage
CLARKE_run(clarkeHandle_V ,&gAdcData.V,&Vab_pu);

666 // run a trajectory for Id reference, so the reference changes with a ramp instead of a step
TRAJ_run(trajHandle_Id);

// run the estimator
EST_run(estHandle,
671 &Iab_pu,
&Vab_pu,
gAdcData.dcBus,
TRAJ_getIntValue(trajHandle_spd));

676 // generate the motor electrical angle
angle_pu = EST_getAngle_pu(estHandle);
speed_pu = EST_getFm_pu(estHandle);

// get Idq from estimator to avoid sin and cos
681 EST_getldg_pu(estHandle ,&gldq_pu);

// run the appropriate controller
if ((gMotorVars. Flag_Run_Identify) || (gMotorVars.Flag_enableRsRecalc))
{

686 _iq refValue;
_iq fbackValue;
_iq outMax_pu;

// when appropriate, run the PID speed controller
691 if ((pidCntSpeed++ >= USER_NUM_CTRL_TICKS_PER_SPEED_TICK) && (!gMotorVars.Flag_enableRsRecalc))
{

// calculate Id reference squared
_iq Id_ref_squared_pu = _IQmpy(PID_getRefValue(pidHandle[1]),PID_getRefValue(pidHandle[1]));

696 // Take into consideration that Ig7"2+Id"2 = Is"2
_iq Ig_Max_pu = _IQsqrt(gls_Max_squared_pu — Id_ref_squared_pu);

// clear counter
pidCntSpeed = 0;
701
// Set new min and max for the speed controller output
PID_setMinMax(pidHandle[0], —-Ig_Max_pu, Ig_Max_pu);
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// run speed controller
706 PID_run_spd(pidHandle[0], TRAJ_getIntValue(trajHandle_spd), speed_pu,&(gldq_ref_pu.value[1]));
¥

// get the reference value from the trajectory module

refValue = TRAJ_getIntValue(trajHandle_Id) + EST_getRsOnLineld_pu(estHandle);
711

// get the feedback value

fbackValue = gldq_pu.value[0];

// run the Id PID controller
716 PID_run(pidHandle[1], refValue ,fbackValue ,&(gVdq_out_pu.value[0]));

// set Iq reference to zero when doing Rs recalculation
if (gMotorVars. Flag_enableRsRecalc) gldq_ref_pu.value[1l] = _IQ(0.0);

721 // get the Iq reference value
refValue = gldq_ref_pu.value[1l];

// get the feedback value
fbackValue = gldq_pu.value[1l];
726
// calculate Iq controller limits, and run Iq controller
_ig max_vs = _IQmpy(gMotorVars.OverModulation ,EST_getDcBus_pu(estHandle));
outMax_pu = _IQsqrt(_IQmpy(max_vs,max_vs) — _IQmpy(gVdqg_out_pu.value[0],gVdqg_out_pu.value[0]));
PID_setMinMax(pidHandle[2], —outMax_pu, outMax_pu);
731 PID_run(pidHandle[2],refValue ,fbackValue ,&(gVdq_out_pu.value[1]));

// compensate angle for PAM delay
angle_pu = angleDelayComp (speed_pu, angle_pu);

736 // compute the sin/cos phasor
phasor.value[0] = _IQcosPU(angle_pu);
phasor.value[1] = _IQsinPU(angle_pu);

// set the phasor in the inverse Park transform
741 IPARK_setPhasor(iparkHandle ,&phasor);

// run the inverse Park module
IPARK_run(iparkHandle ,&gVdq_out_pu,&Vab_pu);

746 // run the space Vector Generator (SVGEN) module
oneOverDcBus = EST_getOneOverDcBus_pu(estHandle);
Vab_pu.value[0] = _IQmpy(Vab_pu.value[0],oneOverDcBus);
Vab_pu.value[1] = _IQmpy(Vab_pu.value[1],oneOverDcBus);
SVGEN_run(svgenHandle,&Vab_pu,&(gPwmbData. Tabc));

751
// run the PAWM compensation and current ignore algorithm
SVGENCURRENT_compPwmbData( svgencurrentHandle ,&(gPwmbData. Tabc) ,&gPwmbData_prev);

gTrjiCnt++;
756
else if(gMotorVars.Flag_enableOffsetcalc == true)
runOffsetsCalculation();
¥
761 else
{

// disable the PWM
HAL_disablePwm (halHandle);

766 // Set the PWMs to 50% duty cycle
gPwmbData. Tabc.value[0] = _IQ(0.0);
gPwmbData.Tabc.value[1] = _IQ(0.0);
gPwmbData. Tabc.value[2] = _1Q(0.0);

}

// write the PWM compare values
HAL_writePwmData( halHandle ,&gPwmbData) ;

771

if (gTrjCnt >= gUserParams.numCtrITicksPerTrajTick)
776 {
// clear counter
gTrjiCnt = 0;

// run a trajectory for speed reference, so the reference changes with a ramp instead of a step
781 TRAJ_run(trajHandle_spd);
¥

// run function to set next trigger

if (!gMotorVars.Flag_enableRsRecalc) runSetTrigger();
786

// run field weakening
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if (USER_MOTOR_TYPE == MOTOR_Type_Pm) runFieldWeakening();

// read the timer 1 value and update the CPU usage module
791 timerlCnt = HAL_readTimerCnt(halHandle,1);
CPU_USAGE_updateCnts(cpu_usageHandle, timer1Cnt);

// run the CPU usage module
CPU_USAGE_run(cpu_usageHandle);
79
return;
} // end of mainISR() function

8ot _iq angleDelayComp(const _iq fm_pu, const _ig angleUncomp_pu)

_iq angleDelta_pu = _IQmpy(fm_pu, _IQ(USER_IQ_FULL_SCALE_FREQ_Hz/(USER_PWM_FREQ_kHzx1000.0)));
_iq angleCompFactor = _IQ(1.0 + (float_t)USER_NUM_PWM_TICKS_PER_ISR_TICK % 0.5);
_iq angleDeltaComp_pu = _IQmpy(angleDelta_pu, angleCompFactor);
806 uint32_t angleMask = ((uint32_t)0xFFFFFFFF >> (32 — GLOBAL_Q));
_iq angleComp_pu;
_iq angleTmp_pu;

// increment the angle
811 angleTmp_pu = angleUncomp_pu + angleDeltaComp_pu;

// mask the angle for wrap around
// note: must account for the sign of the angle
angleComp_pu = _IQabs(angleTmp_pu) & angleMask;
816
// account for sign
if (angleTmp_pu < _IQ(0.0))
{

angleComp_pu = —angleComp_pu;
821

return(angleComp_pu);
} // end of angleDelayComp() function

826
void runCurrentReconstruction(void)

SVGENCURRENT_MeasureShunt_e measurableShuntThisCycle = SVGENCURRENT_getMode(svgencurrentHandle);

831 // run the current reconstruction algorithm
SVGENCURRENT_RunRegenCurrent(svgencurrentHandle, (MATH_vec3 x)(gAdcData.I.value));

glavg.value[0] += (gAdcData.I.value[0] - glavg.value[0])>>glavg_shift;
glavg.value[1l] += (gAdcData.I.value[l] - glavg.value[1l])>>glavg_shift;
836 glavg.value[2] += (gAdcData.I.value[2] - glavg.value[2])>>glavg_shift;

if (measurableShuntThisCycle > two_phase_measurable)
gAdcData.I.value[0]

841 gAdcData.I.value[1]
gAdcData.I.value[2]
b

return;
846 } // end of runCurrentReconstruction() function

glavg.value[0];
glavg.value[1l];
glavg.value[2];

void runSetTrigger(void)

{
SVGENCURRENT_IgnoreShunt_e ignoreShuntNextCycle = SVGENCURRENT_getIgnoreShunt(svgencurrentHandle);
851 SVGENCURRENT_VmidShunt_e midVolShunt = SVGENCURRENT_getVmid(svgencurrentHandle);

// Set trigger point in the middle of the low side pulse
HAL_setTrigger (halHandle ,ignoreShuntNextCycle , midVolShunt);

856 return;
Y} // end of runSetTrigger() function

void runFieldWeakening(void)
{
861 if (FW_getFlag_enableFw (fwHandle) == true)
FW_incCounter(fwHandle);
866

if (FW_getCounter(fwHandle) > FW_getNumIsrTicksPerFwTick (fwHandle))
{

_iq refValue;
_iqg fbackValue;

FW_clearCounter (fwHandle);
871
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refValue = gMotorVars.VsRef;
fbackValue =_IQmpy(gMotorVars.Vs,EST_getOneOverDcBus_pu(estHandle));
FW_run(fwHandle, refValue, fbackValue, &(gldq_ref_pu.value[0]));
gMotorVars.IdRef_A = _IQmpy(gldq_ref_pu.value[0], _IQ(USER_IQ_FULL_SCALE_CURRENT_A));
b
}
else
gldqg_ref_pu.value[0] = _IQmpy(gMotorVars.IdRef_A, _IQ(1.0/USER_IQ_FULL_SCALE_CURRENT_A));
return;
} // end of runFieldWeakening () function
void runOffsetsCalculation(void)
{
uintlé_t cnt;

¥

// enable the PWM
HAL_enablePwm(halHandle);

for(cnt=0;cnt<3;cnt++)

// Set the PWMs to 50% duty cycle
gPwmbData. Tabc.value[cnt] = _IQ(0.0);

// reset offsets used
gOffsets_I_pu.value[cnt]
gOffsets_V_pu.value[cnt]

_1Q(0.0);

_1Q(0.0);
// run offset estimation
FILTER_FO_run(filterHandle[cnt],gAdcData.I.value[cnt]);
FILTER_FO_run(filterHandle[cnt+3],gAdcData.V.value[cnt]);

¥

if (gOffsetCalcCount++ >= gUserParams. ctrlWaitTime[ CTRL_State_OffLine])
{

gMotorVars. Flag_enableOffsetcalc = false;
gOffsetCalcCount = 0;

for(cnt=0;cnt<3;cnt++)
{
// get calculated offsets from filter
gOffsets_I_pu.value[cnt] = FILTER_FO_get_yl(filterHandle[cnt]);
gOffsets_V_pu.value[cnt] = FILTER_FO_get_yl(filterHandle[cnt+3]);

// clear filters
FILTER_FO_setInitialConditions(filterHandle[cnt],_IQ(0.0),_IQ(0.0));

FILTER_FO_setInitialConditions(filterHandle[cnt+3],_IQ(0.0),_IQ(0.0));

}

return;
// end of runOffsetsCalculation() function

void softwareUpdatelp6(EST_Handle handle)

{

float_t fullScaleInductance = USER_IQ_FULL_SCALE_VOLTAGE_V/(USER_IQ_FULL_SCALE_CURRENT_Ax

USER_VOLTAGE_FILTER_POLE_rps);
float_t Ls_coarse_max = _IQ30toF(EST_getLs_coarse_max_pu(handle));

int_least8_t IShift = ceil(log(USER_MOTOR_Ls_d/(Ls_coarse_maxxfullScaleInductance))/log(2.0));

uint_least8_t Ls_gFmt = 30 — IShift;

float_t L_max = fullScaleInductance x pow(2.0,IShift);
_iq Ls_d_pu = _IQ30(USER_MOTOR_Ls_d / L_max);

_iq Ls_qg_pu _IQ30(USER_MOTOR _Ls_q / L_max);

// store the results

EST_setLs_d_pu(handle,Ls_d_pu);
EST_setLs_q_pu(handle,Ls_qg_pu);
EST_setLs_gFmt(handle,Ls_gFmt);

return;
} // end of softwareUpdatelp6() function
os1 //! \brief Setup the Clarke transform for either 2 or 3 sensors.
//! \param[in] handle The clarke (CLARKE) handle

//! \param[in] numCurrentSensors The number of current sensors
void setupClarke_I(CLARKE_Handle handle,const uint_least8_t numCurrentSensors)
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956 _iq alpha_sf,beta_sf;
// initialize the Clarke transform module for current
if (numCurrentSensors == 3)
{
961 alpha_sf = _IQ(MATH_ONE_OVER_THREE);
beta_sf = _IQ(MATH_ONE_OVER_SQRT_THREE);
else if (numCurrentSensors == 2)
{
966 alpha_sf = _1Q(1.0);
beta_sf = _IQ(MATH_ONE_OVER_SQRT_THREE);
¥
else
971 alpha_sf = _1Q(0.0);
beta_sf = _IQ(0.0);
¥

// set the parameters
976 CLARKE_setScaleFactors(handle, alpha_sf, beta_sf);
CLARKE_setNumSensors(handle ,numCurrentSensors);

return;
Y} // end of setupClarke_I() function
981

//! \brief Setup the Clarke transform for either 2 or 3 sensors.
//! \param[in] handle The clarke (CLARKE) handle
//! \param[in] numVoltageSensors The number of voltage sensors
96 void setupClarke_V (CLARKE_Handle handle,const uint_least8_t numVoltageSensors)

_iq alpha_sf,beta_sf;

// initialize the Clarke transform module for voltage
991 if (numVoltageSensors ==

alpha_sf = _IQ(MATH_ONE_OVER_THREE);
beta_sf = _IQ(MATH_ONE_OVER_SQRT_THREE);

9 else

alpha_sf = _1Q(0.0);
beta_sf = _1Q(0.0);
¥

// set the parameters
CLARKE_setScaleFactors(handle, alpha_sf, beta_sf);
CLARKE_setNumSensors(handle ,numVoltageSensors);

1001

1006 return;
} // end of setupClarke_V () function

//! \brief Update the global variables (gMotorVars).
111 //! \param[in] handle The estimator (EST) handle
void updateGlobalVariables (EST_Handle handle)
{
// get the speed estimate
gMotorVars.Speed_krpm = EST_getSpeed_krpm(handle);
1016
// get the torque estimate

_iq Flux_pu = EST_getFlux_pu(handle);
_iq Id_pu = PID_getFbackValue(pidHandle[1]);
1021 _iq Ig_pu = PID_getFbackValue(pidHandle[2]);
_iq Ld_minus_Lq_pu = _IQ30toIQ(EST_getLs_d_pu(handle)-EST_getLs_q_pu(handle));
_iq Torque_Flux_Ig_Nm = _IQmpy(_IQmpy(Flux_pu,bIq_pu),gTorque_Flux_Ig_pu_to_Nm_sf);
_iq Torque_Ls_Id_Ig_Nm = _IQmpy(_IQmpy(_IQmpy(Ld_minus_Lqg_pu,Id_pu),Iq_pu),
gTorque_Ls_Id_Iq_pu_to_Nm_sf);
_iq Torque_Nm = Torque_Flux_Iq_Nm + Torque_Ls_Id_Iq_Nm;
1026
gMotorVars.Torque_Nm = Torque_Nm;

}

// get the magnetizing current
1031 gMotorVars.MagnCurr_A = EST_getIdRated(handle);

// get the rotor resistance
gMotorVars.Rr_Ohm = EST_getRr_Ohm(handle);

1036 // get the stator resistance
gMotorVars.Rs_Ohm = EST_getRs_Ohm(handle);
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// get the online stator resistance
gMotorVars.RsOnLine_Ohm = EST_getRsOnLine_Ohm(handle);
1041
// get the stator inductance in the direct coordinate direction
gMotorVars.Lsd_H = EST_getLs_d_H(handle);

// get the stator inductance in the quadrature coordinate direction
1046 gMotorVars.Lsq_H = EST_getLs_q_H(handle);

// get the flux in V/Hz in floating point
gMotorVars. Flux_VpHz = EST_getFlux_VpHz(handle);

1051 // get the flux in Wb in fixed point
gMotorVars.Flux_Wb = _IQmpy(EST_getFlux_pu(handle),gFlux_pu_to_Wb_sf);

// get the estimator state
gMotorVars. EstState = EST_getState(handle);
1056
// Get the DC buss voltage
gMotorVars.VdcBus_kV = _IQmpy(gAdcData.dcBus, _IQ(USER_IQ_FULL_SCALE_VOLTAGE_V/1000.0));

// read Vd and Vq vectors per units
1061 gMotorVars.Vvd gVdqg_out_pu.value[0];
gMotorVars.Vq gVdqg_out_pu.value[1];

// calculate vector Vs in per units

gMotorVars.Vs = _IQsqrt(_IQmpy(gMotorVars.Vd, gMotorVars.vd) + _IQmpy(gMotorVars.Vq, gMotorVars.Vq));
1066

// read Id and Iq vectors in amps

gMotorVars.Id_A = _IQmpy(gldq_pu.value[0], _IQ(USER_IQ_FULL_SCALE_CURRENT_A));

gMotorVars.Iq_A = _IQmpy(gldg_pu.value[1], _IQ(USER_IQ_FULL_SCALE_CURRENT_A));

1071 // calculate vector Is in amps
gMotorVars.Is_A = _IQsqrt(_IQmpy(gMotorVars.Id_A, gMotorVars.Id_A) + _IQmpy(gMotorVars.Ig_A, gMotorVars.
Iq_A));

return;
} // end of updateGlobalVariables() function
1076

void updateRsOnLine(EST_Handle handle)
{

// execute Rs OnLine code
1081 if (gMotorVars. Flag_Run_Identify == true)

if ((EST_getState(handle) == EST_State_OnLine) && (gFlag_enableRsOnLine))
{
float_t RsError_Ohm = gMotorVars.RsOnLine_Ohm — gMotorVars.Rs_Ohm;
1086
EST_setFlag_enableRsOnLine(handle, true);
EST_setRsOnLineld_mag_pu(handle, _IQmpy(gRsOnLineld_mag_A,_IQ(1.0/USER_IQ_FULL_SCALE_CURRENT_A)))

EST_s’etRsOnLineAngIeDeIta_pu(ha ndle ,_IQmpy(gRsOnLineFreq_Hz, _IQ(1.0/USER_ISR_FREQ_Hz)));

1091 if (abs(RsError_Ohm) < (gMotorVars.Rs_Ohm x 0.05))
EST_setFlag_updateRs(handle, true);
}
¥
1096 else
{

EST_setRsOnLineld_mag_pu(handle,_IQ(0.0));
EST_setRsOnLineld_pu(handle,_IQ(0.0));
EST_setRsOnLine_pu(handle, EST_getRs_pu(handle));
1101 EST_setFlag_enableRsOnLine(handle, false);
EST_setFlag_updateRs(handle, false);
EST_setRsOnLine_gFmt(handle ,EST_getRs_gFmt(handle));

i

return;

} // end of updateRsOnlLine() function

void updateCPUusage(void)

{

1111 uint32_t minDeltaCntObserved CPU_USAGE_getMinDeltaCntObserved (cpu_usageHandle);

uint32_t avgDeltaCntObserved CPU_USAGE_getAvgDeltaCntObserved (cpu_usageHandle);
uint32_t maxDeltaCntObserved = CPU_USAGE_getMaxDeltaCntObserved (cpu_usageHandle);
uint16_t pwmPeriod = HAL_readPwmPeriod(halHandle ,PWM_Number_1);
float_t cpu_usage_den = (float_t)pwmPeriod x (float_t)USER_NUM_PWM_TICKS_PER_ISR_TICK x 2.0;

1106

1116
// calculate the minimum cpu usage percentage
gCpuUsagePercentageMin = (float_t)minDeltaCntObserved / cpu_usage_den x 100.0;
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// calculate the average cpu usage percentage
1121 gCpuUsagePercentageAvg = (float_t)avgDeltaCntObserved / cpu_usage_den x 100.0;

// calculate the maximum cpu usage percentage
gCpuUsagePercentageMax = (float_t)maxDeltaCntObserved / cpu_usage_den x 100.0;

1126 return;
} // end of updateCPUusage() function

//@} //defgroup
1131 // end of file






-

21

26

31

36

41

46

51

56

can.c code

S
*

can.c

This library is free software; you can redistribute it and/or
modify it under the terms of the GNU Lesser General Public

License as published by the Free Software Foundation,; either
version 2.1 of the License, or (at your option) any later version.
This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public
License along with this library, if not, write to the Free Software
Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

See LICENCE file for LGPL details.

Contains the various functions related to the eCAN
Target Device: TMS320F2802x
Copyright (C): 2017 Andrew Buckin
Created on: April 20, 2017
Author: Andrew Buckin

XX K X X KX XX KX XK XXX XXX XX

*/
#include <stdlib.h>
#include “can.h”

#define NELEMS(x) (sizeof(x)/sizeof((x)[0]))

//! \brief Define to allow protected register writes (legacy)
a

#define EALLOW asm(”_EALLOW")

//! \brief Define to allow protected register writes
a
#define ENABLE_PROTECTED_REGISTER_WRITE_MODE asm( " EALLOW")

//! \brief Define to disable protected register writes (legacy)
a
#define EDIS asm(”_EDIS")

//! \brief Define to disable protected register writes
a
#define DISABLE_PROTECTED_REGISTER_WRITE_MODE asm(” EDIS")

ECAN_Handle ECAN_init(){
ECAN_Handle handle = (ECAN_Handle)calloc(1, sizeof(ECAN_Obj));
if (handle == NULL){
return (ECAN_Handle)NULL;
¥

handle—>ECanaRegs = (ECAN_REGS_tx)ECANA_REGS_ADDR;
handle—>ECanaMboxes = (ECAN_MBOXES_tx)ECANA_MBOX_ADDR;
handle—>ECanaLAMRegs = (LAM_REGS_tx)ECANA_LAM_ADDR;
handle —>ECanaMOTORegs (MOTO_REGS_tx)ECANA_MOTO_ADDR;
handle—>ECanaMOTSRegs (MOTS_REGS_tx)ECANA_MOTS_ADDR;

return handle;
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D. can.c code

void ECAN_setBitrate (ECAN_Handle handle,
struct ECAN_REGS ECanaShadow;

ECAN_Bitrate_e bitrate){

EALLOW; // Allow access to protected bits

ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all;
ECanaShadow.CANMC. bit .CCR = 1 ;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;

// Set CCR = 1

// Wait until the CPU has been granted permission to change the configuration registers

do

ECanaShadow.CANES. all = handle—>ECanaRegs—>CANES. all ;
} while(ECanaShadow.CANES. bit.CCE !'= 1 );

ECanaShadow .CANBTC. all

0;

// http://www. bittiming .can-wiki.info/
// 90 MHz SYSCLKOUT. (45 MHz CAN module clock)
switch(bitrate) {

case
case
case
case
case
case
case
case

Bitrate_1M:
Bitrate_500K:
Bitrate_250K:
Bitrate_125K:
Bitrate_100K:
Bitrate_83K:
Bitrate_50K:
Bitrate_20K:

default:

sprac35

ECanaShadow
ECanaShadow
ECanaShadow
ECanaShadow
ECanaShadow
ECanaShadow
ECanaShadow
ECanaShadow

.CANBTC
.CANBTC
.CANBTC
.CANBTC
.CANBTC
.CANBTC
.CANBTC
.CANBTC

// Wait for CCE bit to be set..

BT=15

Lall
Lall
Lall
Lall
Lall
Lall
Lall
Lall
ECanaShadow .CANBTC. all

0x00020059;
0x00050059;
0x000b0059;
0x00170059;
0x001d0059;
0x00230059;
0x003b0059;
0x00950059;

break;
break;
break;
break;
break;
break;
break;
break;
0x000503BD; break; //500K 100ns

//ECanaShadow
//ECanaShadow
//ECanaShadow
//ECanaShadow
//ECanaShadow

.CANBTC. bit .BRPREG
.CANBTC. bit .SIWREG
.CANBTC. bit .SAM = 1;
.CANBTC. bit.TSEGIREG
.CANBTC. bit.TSEG2REG

W

Ny

7;
5;

¥

handle—>ECanaRegs—>CANBTC. all = ECanaShadow

.CANBTC. all;

ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all;
ECanaShadow .CANMC. bit.CCR = 0 ;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;

// Wait until the CPU no longer has permission to change the configuration

do

// Set CCR = 0

ECanaShadow.CANES. all = handle—>ECanaRegs—>CANES. all;
} while(ECanaShadow.CANES. bit.CCE != 0 );

EDIS; // Disable access to protected bits

}

// Wait for CCE bit to be

void ECAN_setBTCreg(ECAN_Handle handle, long BTC_ALL){
struct ECAN_REGS ECanaShadow;

EALLOW; // Allow access to protected bits

ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all;
ECanaShadow.CANMC. bit .CCR = 1 ;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;

// Set CCR = 1

registers

cleared..

// Wait until the CPU has been granted permission to change the configuration registers

do

ECanaShadow.CANES. all = handle—>ECanaRegs—>CANES. all;
} while(ECanaShadow.CANES. bit.CCE = 1 );

ECanaShadow .CANBTC. all

BTC_ALL;

// Wait for CCE bit to be set..

handle—>ECanaRegs—>CANBTC. all = ECanaShadow.CANBTC. all;

ECanaShadow.CANMC. all = handle—>ECanaRegs—>CANMC. all ;
ECanaShadow .CANMC. bit .CCR = 0 ;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;

// Set CCR = 0

// Wait until the CPU no longer has permission to change the configuration registers

do

ECanaShadow.CANES. all = handle—>ECanaRegs—>CANES. all;
} while(ECanaShadow.CANES. bit.CCE != 0 );

EDIS; // Disable access to protected bits

// Wait for CCE bit to be

cleared..
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void ECAN_enableAllInt (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;

¥

void ECAN_disableAllInt (ECAN_Handle handle){

}

EALLOW; // Allow access to protected bits

//Enable interrupts
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.
ECanaShadow . CANGIM.

all

bit.
bit.
bit.
bit.
bit.
bit.
bit.

= 0;
AAIM
WDIM
WUIM
BOIM
EPIM
WLIM
GIL = 1;

/*

Abort acknowledge x/

Write denied x/
Wake up */
Bus—off x/
Error—passive x/

Warning level x/
Global Interrup Level.

x/ //the GIL (GIM.2) bit can be set to

have the global interrupts on another level than the mailbox interrupts
ECanaShadow.CANGIM. bit .I0OEN = 1; /x Interrupt 0 enable x/
ECanaShadow.CANGIM. bit .I1EN = 1; /x Interrupt 1 enable %/
ECanaShadow.CANGIM. bit .RMLIM = 1; /x Received Messae Lost x/

handle—>ECanaRegs—>CANGIM. all = ECanaShadow.CANGIM. all;

EDIS; // Disable access to protected bits

struct ECAN_REGS ECanaShadow;

EALLOW; // Allow access to protected bits

//Disable interrupts.

ECanaShadow . CANGIM.

all

= 0;

handle—>ECanaRegs—>CANGIM. all = ECanaShadow.CANGIM. all;

EDIS; // Disable access to protected bits

void ECAN_clearMSGCTRL(ECAN_Handle handle){
volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0));
EALLOW, // Allow access to protected bits

//

int i
for(i

{

//
¥

void ECAN_clearMSGID (ECAN_Handle handle){

/!

int i
for(i

{

0;
0; i < 32; i++)

mbox—>MSGCTRL. all = 0x00000000;
=i, //Test

//mbox—>MSGCTRL. all
*mbox++;

EDIS; // Disable access to protected bits

volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0));
EALLOW, // Allow access to protected bits
/* Disable all Mailboxes x/

handle—>ECanaRegs—>CANME. all = 0x00000000;

0;
0; i < 32; i++)

mbox—>MSGID. all = 0x00000000;

//mbox->MSGID. all =

*mbox++;

i;

// Test

¥
//handle—>ECanaRegs—>CANME. all = OxFFFFFFFF;
EDIS; // Disable access to protected bits

//
b

void ECAN_clearMDL(ECAN_Handle handle){
volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0) ) ;
EALLOW, // Allow access to protected bits

//

int i

0;

for(i = 0; i < 32; i++)

{

mbox—>MDL. all = 0x00000000;
//mbox->MDL. all = i; //Test

*mbox++;

EDIS; // Disable access to protected

bits

// Required before writing the MSGIDs
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void

//

int i
for(i

{

//

void

//

//

void

//

//

void

void

void

void

void

¥

void

ECAN_clearMDH (ECAN_Handle handle){
volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0));
EALLOW, // Allow access to protected bits

0;
0; i < 32; i++)

mbox—>MDH. all = 0x00000000;
//mbox->MDH. all = i; //Test
*mbox++;

EDIS; // Disable access to protected bits

ECAN_enableAllMailbox (ECAN_Handle handle){
EALLOW, // Allow access to protected bits
/* enable all Mailboxes %/
handle—>ECanaRegs—>CANME. all = OxFFFFFFFF;
EDIS; // Disable access to protected bits

ECAN_disableAllMailbox (ECAN_Handle handle){
EALLOW, // Allow access to protected bits
/* disable all Mailboxes x/
handle—>ECanaRegs—>CANME. all = 0x00000000;
EDIS; // Disable access to protected bits

ECAN_setTXIO (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow.CANTIOC. all = handle—>ECanaRegs—>CANTIOC. all ;
ECanaShadow .CANTIOC. bit . TXFUNC = 1;
handle—>ECanaRegs—>CANTIOC. all = ECanaShadow.CANTIOC. all;
EDIS; // Disable access to protected bits

ECAN_setRXIO (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow.CANRIOC. all = handle—>ECanaRegs—>CANRIOC. all ;
ECanaShadow.CANRIOC. bit .RXFUNC = 1;
handle—>ECanaRegs—>CANRIOC. all = ECanaShadow.CANRIOC. all;
EDIS; // Disable access to protected bits

ECAN_resetTXIO (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow.CANTIOC. all = handle—>ECanaRegs—>CANTIOC. all ;
ECanaShadow .CANTIOC. bit . TXFUNC = 0;
handle—>ECanaRegs—>CANTIOC. all = ECanaShadow.CANTIOC. all;
EDIS; // Disable access to protected bits

ECAN_resetRXIO (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow.CANRIOC. all = handle—>ECanaRegs—>CANRIOC. all ;
ECanaShadow . CANRIOC. bit .RXFUNC = 0;
handle—>ECanaRegs—>CANRIOC. all = ECanaShadow.CANRIOC. all;
EDIS; // Disable access to protected bits

ECAN_setSCCmode (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
/* Configure eCAN for HECC mode — (reqd to access mailboxes 16 thru 31) SCC mode x/
// HECC mode also enables
time-stamping feature
ECanaShadow.CANMC. all = handle—>ECanaRegs—>CANMC. all ;
ECanaShadow.CANMC. bit .SCB = 1;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;
EDIS; // Disable access to protected bits

ECAN_setECANmode (ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow.CANMC. all = handle—>ECanaRegs—>CANMC. all ;
ECanaShadow .CANMC. bit.SCB = 0;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;
EDIS; // Disable access to protected bits
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}

void ECAN_Mode(ECAN_Handle handle, SCB_Bit_e mode){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all ;
ECanaShadow .CANMC. bit .SCB = mode;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;
EDIS; // Disable access to protected bits

void ECAN_setSelfTest(ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all;
ECanaShadow.CANMC. bit.STM = 1; // Enable self-test mode.
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all ;
EDIS; // Disable access to protected bits
}

void ECAN_resetSelfTest(ECAN_Handle handle){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all ;
ECanaShadow .CANMC. bit .STM = 0; // Disable self-test mode.
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;
EDIS; // Disable access to protected bits
}

void ECAN_SelfTest(ECAN_Handle handle,STM_Bit_e mode){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
ECanaShadow .CANMC. all = handle—>ECanaRegs—>CANMC. all;
ECanaShadow .CANMC. bit .STM = mode; // Disable self-test mode.
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all ;
EDIS; // Disable access to protected bits

}

void ECAN_clearCANTA(ECAN_Handle handle){

// EALLOW, // Allow access to protected bits
/% Clear all Transmission—Acknowledge Register bits x/
handle—>ECanaRegs—>CANTA. all = OxFFFFFFFF;

// EDIS,; // Disable access to protected bits

}

void ECAN_clearCANRMP (ECAN_Handle handle){

// EALLOW, // Allow access to protected bits
/* Clear all Received—Message—-Pending Register bits x/
handle—>ECanaRegs—>CANRMP. all = OxFFFFFFFF;

// EDIS; // Disable access to protected bits

}

void ECAN_clearCANGIFO(ECAN_Handle handle){

// EALLOW, // Allow access to protected bits
/% Clear all Global Interrupt Flag 0 */
handle—>ECanaRegs—>CANGIF0. all = OxFFFFFFFF;

// EDIS; // Disable access to protected bits

}

void ECAN_clearCANGIF1(ECAN_Handle handle){

// EALLOW, // Allow access to protected bits
/% Clear all Global Interrupt Flag 1 %/
handle—>ECanaRegs—>CANGIF1. all = OxFFFFFFFF;

// EDIS; // Disable access to protected bits

}

void ECAN_setMailboxDir (ECAN_Handle handle,long dir){

// EALLOW, // Allow access to protected bits
/* Mailbox—Direction Register %/
handle—>ECanaRegs—>CANMD. all = dir;

// EDIS; // Disable access to protected bits

}

void ECAN_setMailboxIntMask (ECAN_Handle handle,long mask){
EALLOW; // Allow access to protected bits
/% Mailbox Interrupt Mask Register x/
handle—>ECanaRegs—>CANMIM. all = mask;
EDIS; // Disable access to protected bits

void ECAN_configMailbox (ECAN_Handle handle, ECAN_MailBox_e MailBoxN, uint32_t msgid, Enable_Mbox_e
enable_t, ECAN_MailDir_e dir_t ,IDE_Bit_e IDE_t, DLC_Bit_e length, LAMI_Bit_e lami_bit, AME_Bit_e
AME_t, uint32_t mask){
struct ECAN_REGS ECanaShadow;
volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0)) + /x(uint32_t)x/MailBoxN;
volatile union CANLAM_REG xlam = (&(handle—>ECanaLAMRegs—>LAMO0)) + /x(uint32_t) x/MailBoxN;
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//

//
b

uint8_t enable = enable_t;
uint8_t dir = dir_t;
EALLOW, // Allow access to protected bits

ECanaShadow.CANME. all = handle—>ECanaRegs—>CANME. all ;

ECanaShadow .CANME. all = (~((~ECanaShadow.CANME. all) | (((uint32_t)1) << MailBoxN))) | (((uint32_t)
Disable_Mbox) << MailBoxN);

handle—>ECanaRegs—>CANME. all = ECanaShadow.CANME. all;

lam—>all = mask;
lam—>bit.LAMI = lami_bit;

if (IDE_t == Extended_ID)

{
mbox—>MSGID. all = msgid;
¥
else
{
mbox—>MSGID. bit .EXTMSGID_L = 0;
mbox—>MSGID. bit .EXTMSGID_H = 0;
mbox—>MSGID. bit .STDMSGID = (uint16_t)msgid;
b
mbox—>MSGID. bit .IDE = IDE_t;
mbox—>MSGID. bit .AME = AME_t;

mbox—>MSGID. bit .AAM Normal_transmit;
// Specify that bits will be sent/received
mbox—>MSGCTRL. bit .DLC = length; //8;

//Enable/disable mbox.
enable = enable & 1; //Making sure it ’s only one bit.
ECanaShadow.CANME. all = handle—>ECanaRegs—>CANME. all ;
ECanaShadow.CANME. all = (~((~ECanaShadow.CANME. all) | (((uint32_t)1) << MailBoxN))) | (((uint32_t)
enable) << MailBoxN);
handle—>ECanaRegs—>CANME. all = ECanaShadow.CANME. all ;

//Setting rx/tx mode.

dir = dir & 1; //Making sure it ’s only one bit.

ECanaShadow .CANMD. all = handle—>ECanaRegs—>CANMD. all;

ECanaShadow .CANMD. all = (~((~ECanaShadow.CANMD. all) | (((uint32_t)1) << MailBoxN))) | (((uint32_t)
dir) << MailBoxN);

handle—>ECanaRegs—>CANMD. all = ECanaShadow.CANMD. all ;

EDIS; // Disable access to protected bits

void ECAN_putDataMailbox (ECAN_Handle handle ,ECAN_MailBox_e MailBoxN, long MDL_t, long MDH_t){

//

//
¥

volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0)) + /x(uint32_t)x/MailBoxN;
EALLOW,; // Allow access to protected bits

mbox—>MDL. all = MDL_t;

mbox—>MDH. all = MDH_t;

EDIS; // Disable access to protected bits

void ECAN_configMasterReg (ECAN_Handle handle, CCR_Bit_e CCR_t, PDR_Bit_e PDR_t, DBO_Bit_e DBO._t,

int

WUBA_Bit_e WUBA_t, CDR_Bit_e CDR_t, ABO_Bit_e ABO_t, SRES_Bit_e SRES_t, MBNR_Bit_e MBNR_t){
struct ECAN_REGS ECanaShadow;
EALLOW; // Allow access to protected bits
/% config Master Control Register x/
ECanaShadow.CANMC. all = handle—>ECanaRegs—>CANMC. all ;

ECanaShadow .CANMC. bit .CCR = CCR_t;
ECanaShadow .CANMC. bit .PDR = PDR_t;
ECanaShadow .CANMC. bit .DBO = DBO_t;

ECanaShadow .CANMC. bit .WUBA = WUBA t;

ECanaShadow .CANMC. bit .CDR = CDR_t;

ECanaShadow .CANMC. bit .ABO ABO_t;

ECanaShadow.CANMC. bit .SRES = SRES_t;
ECanaShadow.CANMC. bit .MBNR = MBNR_t;
handle—>ECanaRegs—>CANMC. all = ECanaShadow.CANMC. all;
EDIS; // Disable access to protected bits

ECAN_sendMSG(ECAN_Handle handle ,ECAN_MailBox_e MailBoxN, long MDL_t, long MDH_t){
volatile struct MBOX xmbox = (&(handle—>ECanaMboxes—>MBOX0)) + MailBoxN;

mbox—>MDL. all = MDL_t;
mbox—>MDH. all = MDH_t;
handle—>ECanaRegs—>CANTRS. all |= 1 << MailBoxN;

//Wait for transmit acknowledge

while (! ( handle—>ECanaRegs—>CANTA. all >> MailBoxN));
//Wait TRS.n = 0
while(handle—>ECanaRegs—>CANTRS. all >> MailBoxN);
//Set TA.n
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handle—>ECanaRegs—>CANTA. all |= 1 << MailBoxN;
//Wait until read TA.n is 0
while(handle—>ECanaRegs—>CANTA. all >> MailBoxN);
return 0;
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